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THE present investigation arose out of the work of Joshi, Solanki and 
Sheshadri' who have worked out the optimum conditions for the electro- 
chemical preparation of hydrogen peroxide from sulphuric acid. Though 
simple, this method is subject to limitations owing to the fact that the current 
yield of the intermediately formed perdisulphuric acid, (H.S.Og), is affected 
by its comparative instability under ordinary conditions. It was of interest, 
therefore, to investigate the utilisability of aqueous sodium sulphate as a 
starting material instead of sulphuric acid, so that the intermediate product 
is the stabler sodium salt of perdisulphuric acid. This on distillation under 
appropriate conditions yields hydrogen peroxide. The preparation of 
hydrogen peroxide in this way may be divided into two main parts: (i) the 
electro-chemica! preparation of sodium persulphate and (ii) the distillation, 
concentration and stabilisation of hydrogen peroxide from sodium persul- 
phate. 


A review of the literature having shown that no detailed information is 
available for the preparation of sodium perdisulphate except in a German 
Patent,? an inves.igation in some detail has been carried out on the optimum 
conditions for its electro-chemical preparation. 


EXPERIMENTAL 


The cell consisted of a glass jar 12” x 4” fitted with a perforated stopper 
carrying a pair of platinum electrodes, a thermometer and an exit tube 
for the evolved gases. The electrolytic cell was cooled by immersion in 
a well stirred freezing mixture so that a temperature of 5 to 10° C. as desired 
Was maintained during electrolysis. 50c.c. of aqueous sodium sulphate 
of known concentration formed the bath solution, except in Expts. reported 
in Table IX. The circuit included an ammeter, an adjustable resista n 
and a voltmeter between the two electrodes. After the cessation of electro- 
lysis, Sc.c. of the electrolyte was analysed for the total active oxygen, by 
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treatment with an excess of standard FeSO, solution in an inert atmosphere; 
the excess of the FeSO,, was then determined by back-titration with N/20 
KMnO,. From this, and the quantity of electricity passed through the 
electrolyte the current efficiency, C.E. is calculated from Faraday’s Law, 
The following is a typical calculation from Expt. 1 in Table VIII. 


Blank-titre for 10c.c. FeSO, ... .. — 21-1 cc. N/20 KMn0, 
Back-titre after treatment with 5c.c. of 

electrolyte .. a ‘ei “ie $-4cc. ,, Pe 
Active oxygen in 5.c.c of the electrolyte... — 15-7cec. ,, ,, 
Total active oxygen in 50c.c._.. .. —157-0cc. ,, o 
Quantity of electricity passed .. ss —0-25 amp. hr. 


Corresponding to 100% C.E£., the current efficiency, 26-86 amp. hrs. 
of electiicity should produce active oxygen equivalent to 1,000 c.c. 
of N. KMnO,. 

157 x 26-86 x 100 


The C.E. in the above case ir -» —0-25 x 20 x 1000 
84-0% 


The C.E£. has been studied in respect of the following factors: Conc. 
Na,SO,.10H,O in neutral solution (Table I); conc. Na,SO,.10H,O in dil. 
sulphuric acid (Table II); conc. sulphuric acid (Table III); anodic and 
cathodic current densities (Tables IV and V); inter-electrode distance 
(Table VI); temperature (Table VII); duration of electrolysis (Table VIII); 
current concentration (Table IX); addition agents (Table X) and the use 
of a diaphragm. 








TABLE I 
Influence of the Concentration of Na,SO,, 10H,O on C.E. 
Anodic current density .. 55-2 amps./dm?’ 
Cathodic current density .. 15-0 
Temperature -- 10°C 
Duration of electrolysis .. 30 mins, 
Current -. 1 amp. 
Inter-electrode distance .. 1:5cm, 
Conc, Na,SO,4, 10H,0 Total active 
(gms./100 c.c.) Pa Otay O2 (c.c N/20 KMnO,) C. E. % 
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TABLE II 
Influence of the concentraiion of Na,SO,, 10H,O in 4N H,SO, on CE. 


Conditions same as in Table I. 


























Conc. NagSO4, 10H,O | Total active 
(gms./100 c.c.) | P. D. (Volts) Oz (c.c N/20 KMnQ,) C. E. % 
a ee 
| 
15 4-8 155 41-6 
25 | do 175 47-0 
45 | do 203 54-5 
TABLE III 
Influence of Concentration of H,SO, on C.E. 
Conc, of Na,So,, 10 H,0 — 40 gms./100 c.c. 
Other conditions same as in Table II. 
Conc. H2SO4 Total active 
(gms, /100 .€.) P, D. (Volts) Oz, (c.c N/20 KMnO,) C. E. % 
5 4-5 44-1 11-6 
10 4-5 74-0 | 19-5 
20 4-6 111-0 | 29-2 
30 4-6 157-0 | 41-3 
40 4-7 217-0 | 57-1 
50 4-8 235-0 | 62-1 
60 4-8 277-0 | 73-1 











TABLE [V 


Influence of Anodic Current Density on C.E. 
40 gms. of Na, So,, 10H,O & 

~ 60 gms. of H, S0,/100c.c, 

Current varied as indicated in 1st column. 

Other conditions same as in Table III. 


Composition of both solution | 








ic C. D. al active he 
Current (amps) uae as P,D. (Volts) |, (ce N | KMo0, Cc. E. % 
0-3 16-6 3-6 59 59-9 
0-5 27-6 3-8 118 62-7 
1-0 55-2 Bel 272 71-7 
15 82-8 5-8 407 71-5 
2-0 110-3 6-8 531 70-0 
3-0 165 +5 8-5 765 67-2 
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TABLE V 


Influence of Cathodic Current Density on C.E. 


Anodic C, D, — 55-1 amps, /dm? 
Current 1 1 amp. 
Other conditions same as in Table IV. 























| 
Cathodic C. D. | _ Total active 7 
(amps./dm?) | P. D. (Volts) Oz (c.c N/20 KMnQ,) C.E. % 
15-0 4-7 243 64-1 
18-5 5-5 235 61-9 
82-6 6-0 225 59-2 
TABLE VI 
Influence of Inter-Electrode Distance on C.E. 
Cathodic C, D. — 15-0 amps, /dm2 
Other conditions same as in Table V. 
Inter-Electrode P. D. (Volts) Total active Cc. E.% 


distance (cm.) Oz (c.c N/20 KMnO,) 





























1-5 4-4 240 63-3 
2-3 4-6 239 63-0 
3-5 4-8 238 62-7 
4-0 5-0 234 61-7 
TABLE VII 
Influence of Temperature on C.E. 
Inter—Electrode distance — 3-4 cm, 
Other conditions same as in Table VI, 
Temperature (°C) P. W. (Volts) | Total active C. E.% 

= ae | O2 (c.c N/20 KMnO,) 5 pias 
5 5-8 228 60-0 
10 5-0 242 63-8 
15 4-8 240 63-3 
20 4-7 233 61-4 
30 4-3 195 51-2 
40 4-0 129 33-9 
50 3°8 83 21-9 
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TABLE VIII 
Influence of Duration of Electrolysis on C.E. 
Temperature — 10°C. 
Other conditions same as in Table VII. 
: Total active 
Time (mins. ) P. D. (Volts) 0, (c.c N/20 KMnO,) C. E. % 
15 4-8 157 84-0 
30 4-8 240 63-3 
45 4-9 326 58-5 
60 5-0 408 54-7 
90 4-9 577 51-6 
120 4-8 731 49-0 
240 4:3 1379 46-3 
TABLE IX 
Influence of Current Concentration on C.E. 
Duration _ 30 mins. 
Volume of electrolyte varied as indicated. 
Other conditions same as in Tab‘e VIII. 
Vol. of electrolyte} Current conc. Total active 
(c.c.) (amps./100 c.c) P. D. (Volts.) Oz (c.c N520 KMnOQ,) C. E. % 
100 1-5 4-5 257 68-8 
7% 1-4 4-5 256 68-5 
50 2-8 4:8 249 66-6 
TABLE X 
Influence of Addition Agents on C.E. 
Temperature — 10°C. 40 gms. Na, So,, 10H,O 
Composition of bath solution 60 gms. H, So, and 
1 gm. addition agent per 100 cc. solution 
Other conditions same as in Table VIII. 
ns Total active is 
Addition agent P. D. (Volts) O, (c.c N/20 KMn0,) C. E. % 
K.Cr.0, m 4-7 168 45-1 
Pb (CHsCO.)- e 4-6 186 50-0 
MnS0,-7H,0 ‘ 4-8 195 52-4 
Al,03 : 4-7 202 54-3 
MgSO, -7H,0 : 4-6 216 58-0 
Fe,(SO,4)3 s 4-8 223 59-9 
CeO, i 4-7 227 61-0 
CoS0,-7H,O a 4-6 240 64-5 
HCl] ne 4-8 241 64-7 
NagHPO, be 4:7 250 67-1 
NiSO,+7H,0 a 4:7 273 73-3 
KCIO, we 4-6 276 74:1 
HF ms 4-6 303 81-4 
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DISCUSSION 


When a neutral aqueous solution of sodium sulphate is electrolyseg 
between platinum electrodes, the hydrogen and oxygen evolved are in the 
tatio 2:1 to a good approximation. The characteristic smell of ozone, 
however, can be observed clearly even at 5°C. for the bath temperature. 
The net result of electrolysis is apparently the decomposition of water into 
its elements. When, however, the solution of sodium sulphate is acidified 
with sulphuric acid, it is observed that the evolution of oxygen at the anode 
is considerably lower; the actual volume of the oxygen liberated is less than 
half of the cathodic hydrogen. This diminution in the amount of oxygen js 
associated with the acquirement of strong oxidising properties by the electro. 
lyte. It is due to the formation of perdisulphuric or Marshall’s acid 
(H,S,0,) at the anode, which depends on the concentration of sodium 
sulphate and sulphuric acid on the bath (cf, Tables TI and III). 


Various theories exist in literature regarding the electrolytic formation 
of perdisulphuric acid and its salts at the anode. According to a well-worked 
out theory due to Richarz* perdisulphuric acid is formed at the anode by 
the polymerisation of discharged HSO,’-ion pairs, according to the equation 


2HSO,’ = H,S,0, + 2 te (1) 


It follows from (1) that the precedent condition necessary for the formation 
of perdisulphuric acid is a sufficient concentration of the HSO,’-ions in the 
bath. The rate of the polymerisation of the discharged HSO,’-ions would 
also be a determining factor. These deductions are in agreement with the 
general experimental results. 


It must be pointed out, however, that though the above theory explains 
the formation of perdisulphuric acid and its potassium and sodium salts, 
it fails almost completely to account for the high current yields obtained in 
the electrolysis of a neutral solution of ammonium sulphate, in which there 
are practically few HSO,’-ions. This has been explained by assuming the 
polymerisation of SO,’-ions according to the equation* 


2SO,” aac $,0,” + 2 bing (2) 
It may be suggested that the anomaly shown by ammonium sulphate may be 
due to the well-known peculiar structure of the ammonium ion, which has 


been found to show a different electro-chemical behaviour from that of the 
other cations. 


Another theory which has been put forward by Foerster® and may be 
considered as an improvemzuat on the view of Traube® that the perdisulphuric 
acid is produced by the oxidation of sulphuric acid by the nascent anodic 
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oxygen, assumes that persulphates are formed by anodic oxidation as given 
ysed by the following reactions : 
the 2HSO,’ + O + H,O =H,S,0, + 2 OH’ (3) 
one, 280,” +0 +H,0 =S,0,” + 2 OH’ (4) 
ure, 
“n An increase in the anodic potential, on the basis of this theory would favour 
fied the per-sulphate formation; this has been experimentally verified‘ That 
ode perdisulphuric acid can be prepared by the oxidation of sulphuric acid by 
han nascent oxygen from hydrogen peroxide’ is an additional support of 
nis Foerster’s view.® 
Aro- A more comprehensive theory of persulphate formation has been 
acid worked out by Muller,‘ who assumes that the primary anodic process is 
ium the discharge of OH’-ions which react with sulphuric acid to give perdisul- 
phuric acid directly: 
oe 2H.SO, + 2 OH’ = H,S,0, +2 H,O +2 — (5) 
e by This is followed by the secondary reactions 
tion H,S,08 + H,O = H,SO,; + H,SO, (6) 
(1) H,SO,; + H,O = H,SO, + H,0, (7) 
es H,SO; + 20H’ = H,SO, + H,O + 0, +2 — (8) 
ould The H,S,O, formed is partly hydrolysed in successive steps to permono 
. the sulphuric or Caro’s acid (H,SO;) and hydrogen peroxide. Besides, part 
of the Caro’s acid acts as a depolariser at the anode by reacting with the 
= discharged OH’-ions as shown in equation (8). With the progress of electro- 
ols lysis the concentrations of H,S,O, and H,SO, are greatly increased, and the 
| d in main reactions taking place after some considerable time are those given by 
nen equations (5) and (8): In the case of sulphuric acid, a certain stage in the 
the electrolysis may be reached at which the electric current is equally distri- 
' buted between these two reactions so that as much H,S,O, as is formed by 
reaction (5) is converted into H,SO,; by reaction (7), and decomposed subse- 
(2) quently by the OH’-ions discharge (reaction (8) ), at the anode. This corres- 
y be ponds to a “‘ steady state” at which no fresh H,S,O, is formed even if the 
. has electrolysis is prolonged. The principal support for Muller’s hypothesis‘ 
f the is that this “‘ steady state” has been observed by numerous workers in the 
case of sulphuric acid. 
y be It may be pointed out, however, that Muller’s theory is based on the 
wuric assumption that the main anodic processes (5) and (8) are the result of OH’-ion 
odie discharge; it is, however, different to understand how there could be any 
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considerable concentration of OH’-ions in the highly acidic solutions that 
are required for persulphate formation. 


The electrolysis of neutral solutions of sodium sulphate gives very low 
current efficiency (cf., Table I). As may be expected from the modern 
theory of complete ionisation of electrolytes, it is likely that the concentra- 
tion of the HSO,’-ions in these solutions may be negligible; the whole cf 
the sodium sulphate may be ionised into Na’ and SO,”-ions so that the pre- 
requisite for persulphate formation is not satisfied. The observed low 
C.£s. may thus be explained. It is not improbable that these low C.Es. 
are due to the dissolved oxygen in the electrolyte. Results in Tables II and 
III show that an increase of the concentrations of sodium sulphate and 
sulphuric acid improve the C.E. markedly. Even normally, dilute sulphuric 
acid contains a fair percentage of HSO,’-ions*® so that the addition of 
sulphuric acid increases the HSO,’-ions concentration which is favourable 
for persulphate formation. High C.£;. are thus observed at higher con- 
centrations as recorded in Tables IT and III. 


When the anodic current density is increased the rate of discharge of 


the HSO,’-ions is also increased, so that these ions are in a closely packed 
condition immediately after the discharge. This would facilitate their poly- 
merisation and a high C.£. would result. Moreover, the discharge potential 
of the HSO,’-ion is higher than that of SO,”-ions and oxygen‘ and therefore, 
high anodic current densities would be favourable for its discharge. Results 
indicated in Table IV show that a rise in anodic current density up to 82-8 
amps./dm? is followed by a corresponding rise in the C.E. At still higher 
current densities, however, the heating effect of the electric current prob- 
ably becomes prominent and the C.E. consequently begins to fall. 


Results recorded in Table ViL show that the C.E. fal!s rapidly with rise 
of temperature (cf., Table VII). 


During the initial stages of the electrolysis, the concentration of the 
HSO,’-ions in the electrolyte is a maximum. It decreases steadily when 
more and more of it is consumed by the formation of persulphate, so that 
the C.E. also begins to decrease with longer durations. Further complica- 
tions due to the formation of perdisulphuric acid according to (5) and its 
decomposition by (6), (7) and (8) also set in. These have, in general, an un- 
favourable influence on the C.E. In the case of sulphuric acid, a ‘steady state’, 
as already indicated, is reached when a certain amount of electricity has 
been passed, after which, the amount of active oxygen in the electrolyte 
remains constant. Table VIII illustrates the influence of the duration of 
electrolysis o. the C.£. and the active oxygen in the electrolysed solution. 
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After the passage of about two amp-.-hrs. of electricity the separation of 
solid sodium persulphate begins to take place, which increases in bulk with 
the progress of electrolysis. Though the C.E. falls rapidly with greater 
durations, the active oxygen increases very regularly and our results do not 
indicate the attainment of a “‘ steady state”. This may be due to the circum- 
stance that, instead of the whole of the persulphate formed at the anode, 
being quantitatively destroyed after conversion into Caro’s acid, a part or 
even the whole of it may be precipitated as the insoluble sodium salt. This 
is evidently not the condition which would correspond with Muller’s con- 
cept of the ‘ steady state’. 


The effect of addition agents on the C.E. according to Muller and 
others,44 would be favourable if the Caro’s acid produced by reaction (6) 
is destroyed either chemically or by over voltage effects produced by the 
ions of the addition agent on the anode. Increase of anodic potential would 
destroy Caro’s acid and the reaction (8) may be inhibited; the electricity 
passed can thus be utilised solely for the production of H,S,O,. The fluoride 
ion and the perchlorate ion have been found by Muller and Schellhaas”® and 
Mizzucchelli?! respectively, to raise the anode potentia] and an increase 
in the C.E. is consequently observed as recorded in Table X. 


Factors such as cathodic current density (Table V), interelectrode 
distance (Table VI) and current concentration (Table IX) are found to have 
negligible influence on the C.E. The former two factors may be ineffective 
due probably to the comparative stability of the sodium persulphate towards 
reduction by cathodic hydrogen. 


A diaphragm of porous material when used to separate the anolyte 
and catholyte is found to increase the C.E. to a very great extent, and in 
the presence of 1 gm. of HF in 100c.c. of the anolyte, the C.E. is found to 
be very high (92-7%). 

In conclusion the authors welcome this opportunity to express their 
very sincere thanks to Dr. S. S. Joshi, D.Sc. (London), University 
Professor and Head of the Department of Chemistry, Benares Hindu Uni- 
versity for suggesting this problem, for the keen interest taken and the valuable 
guidance he has given during the course of this work. 


SUMMARY 


The optimum conditions for the electro-chemical formation of sodium 
persulphate from aqueous sodium sulphate have been investigated with res- 
pect to the bath composition, anodic and cathodic current densities, inter- 
electrode distance, temperature, duration of the electrolysis, current con- 
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centration, the influence of “‘ addition agents” and the use of a diaphragm. 
A strongly acidic bath favours the reaction. At the optimum temperature, 
viz., 10° C. high anodic current densities up to 82-2 amps./dm? are advan- 
tageous. The process is complicated by the fact that after about 2 amp. 
hours the persalt tends to separate as a solid phase. Our results do not 
support Muller’s hypothesis of a ‘ steady state’ in the corresponding sul- 
phuric acid electrolysis. A current efficiency as high as 92:7% has been 
obtained with a diaphragm, HF as ‘ addition agent’ and special concentra- 
tion (vide infra) of the bath solution. 

From a review of the various theories of persulphate formation, our 
results are in accord with Richardz’s view, viz., that persulphuric acid is 
produced by the polymerisation of discharged HSO,’-ions at the anode. 
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INTRODUCTION 


THE name Charnockite, given by Sir T. H. Holland in 1893 for a hyper- 
sthene-granite from Mount St. Thomas, Madras, was later extended by 
him (1900) to include a series of igneous rock, bearing a genetic relationship 
with the type rock from Madras. Holland’s own later work and that of 
several others such as Walker (1902), Hallows (1924), Crookshank (1938), 
Ghosh (1941), Rama Rao (1945), Groves (1935), Gevers and Dunne (1942) 
and Prider (1945) has shown the extensive distribution of this rock suite 
in India and elsewhere. But, these rocks, though considered as having 
a certain general consanguinity, have not till now been studied in much 
detail from the type area of Holland, in their mineralogical, chemical, and 
petro-provincial aspects. 


The scope of the present work is directed towards this objective. For 
the purpose of the present study the type area, St. Thomas Mount, Madras, 
was visited in the summer of 1939 and an extensive collection of representa- 
tive specimens from the acid to the basic type was made. The field rela- 
tions of the various members of the series was carefully studied and the 
collection was subjected in the laboratory to detailed physical, optical and 
chemical studies. A comparative study of results of these investigations 
from this area was made with the published results on charnockites and 
other relevant igneous rock suites from other parts of the world with a 
view to elucidate the differentiation tendencies of the magma on the lines 
initiated by Niggli. 

METHODS OF STUDY 

The methods of laboratory study pursued in these investigations may 

be classified as follows :— 


1. Petrological examination—megascopic and microscopic. 
2. Optical study of the important minerals by the Universal Stage. 


3. Chemical analysis of representative specimens from the acid to 
the basic types. 
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4. Isolation and chemical analysis of the important ferromagnesian 
minerals. 


5. Micro-metric analysis by Skand’s Recording Micrometer. 


Graphical representation of the chemical analyses of rocks and 
minerals. 


7. Interpretation of the results and correlation. 


In the present paper the chemical and optical studies of the essential 
minerals are recorded. In subsequent contributions the chemical and 
optical studies of the chief rock types and the petrochemistry and genesis 
of the charnockites will be given. 


CHEMICAL AND OPTICAL STUDIES OF SOME OF THE IMPORTANT MINERALS 


The charnockites studied belong to three fairly well marked groups, 
viz., acid, intermediate and basic. In the acid varieties the constituent 
minerals are quartz, felspars, hypersthene, and some minor accessories. 
In the intermediate varieties quartz is subordinate and the felspars are 
mainly plagioclase, with hypersthene, augite, and hornblende occurring 
as the other principal minerals. In the basic varieties, quartz is almost 
entirely absent and the plagioclase is mostly labradorite; hypersthene 
persists with augite and hornblende. The results of the chemical and 
optical studies of the ferromagnesian minerals, viz., hypersthene, augite 
and hornblende and the optical study of the plagioclase felspars are 
recorded here. 

Hypersthene 


Chemical Analysis.—The distinguishing mineral of the charnockite 
series is hypersthene. Some of the acid rocks like M Be and M were 
crushed and after preliminary panning a concentrate of hypersthene was 
obtained with Thoulet solution, all magaetite having been removed by 
means of a bar magnet. The chemical analysis of the mineral is given 


in Table I along with those of other hypersthenes from other localities. 


The chemical analysis shows that the hypersthene is an aluminous 
variety high in silica; FeO is slightly in excess of MgO, while lime is low. 


A metallic oxide in its minimum state of combination either with SiO, 
or any other metallic oxide is termed as a ‘‘ Basis molecule’? by Niggli 
(p. 299, 1936). Thus the Basis molecalar composition of this mineral 
would be: 


>Cal+5-3 Sp +28-2 Fo+23-2 Fa+2-1 Fs + 36-:2Q 
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TABLE | 

| A | B | Cc | D | E 

| 
SiO, od 56-91 53-16 55+15 54°37 45-9 
AloOs “ 6-10 | 10-55 6-50 9-39 7:0 
Fe,0, 34 1-90 4-30 2-10 0-95 2-9 
FeO ee 18-87 17-10 17-68 18-82 18-9 
MnO be 0-64 Nil 0-34 0-27 ie 
MgO on 14-42 11-95 16-62 14-44 14-9 
CaO id 1-62 Nil 1-58 1-69 9-3 
TiO, oe Trace 1-35 0-03 0-07 1-1 
H,O0 ee “. 2-00 ee ee 

Total ..| 100-46 100-41 100-00 100-00 100-0 

si et 128 127% 117 115 84% 
al wa 8 15 8 1% 1% 
fm a 88 85 88 85 74 
c : 4 0 4 3% 18% 
mg 0-55 0-50 0-60 0-54 0-55 
Q .-| 3662 39 32-4 31-9 21-9 
L i 5-0 0 5-3 4-6 11-7 
M ..| 588 a 62-3 63+5 66-4 
CaSiO; 4-4 0 | 4-2 4+6 | 20-8 
MgSiO3 M 54-6 “ae, 59-8 55-0 46°4 
FesiO3; | 41-0 50 | 36-0 40-4 | 32-9 

| | 





A: Hypersthene from charnockite, St. Thomas Mt. Madras; Analyst : C. Rajagopalan. 


B: Hypersthene (Bidalotite) Bidaloti, Mysore, Analyst: E. R. Tirumalachar. Proc. Ind. 
Acad. Sci. 5, B. p. 292. 


C: Hypersthene from charnockite, between the Hill Ihunga and Waki camp, Butiaba- 
Hoima Road, Bunyoro, Uganda. Analyst: A. W. Groves, Q.J.G.S. XCI, p. 156, 1935. 


D: Hypersthene from charnockite, same locality as (C) Analyst : A. W. Groves. op. cit. 


E: Hypersthene from metadolerite, four miles from Kigarobya Rest House, Bunyoro, 
Uganda; Analyst : A. W. Groves, op. cit. 


The formula of hypersthene from the charnockite computed from the 
analysis following the method used by Groves* (p. 213, 1937) is given below 
(Table II). 


* The chemical analysis is a:ranged as shown in Table II. The M.P. of all the constitu- 
ents are first determined and recorded in the third column. These values are multiplied by 
the number of oxygen or fluorine atoms and given in the fourth column, The number of O, 
OH and F atoms being fixed by the formula at 24, it (twenty-four) is divided by the sum of 
O, OH aad F for the different radicals (column 4). This, multiplied by the number of metal 
atoms in the molecules gives the number of metal atoms on a basis of 24 (O, OH, F) which 
is given in column 5, Silicon should obviously be 8. But in many cases as will be seen 
in augite and hornblende it will be less than 8. In such a case it is very possibly replaced by 
Ti or Al or both. Enough of these are to be given to make Silicon 8. The rest are taken as 
metallic radicals. 
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TABLE II 


Computation of the formula of hypersthene 


























| l 
No, of Metal atoms on the basis of 
Wt.% M.P. (0, OH, F) 24 (O, OH, F) 

at bee 7 7 
SiO. sol 56-91 949 1-898 8-20 8-20 
Al2Os éaf 6-10 60 0-180 1-04) 1-25 
Fe,O, a 1-90 12 0-036 0°21) 
FeO S 18-87 262 0-262 25) 2-35 
MnO on 0-64 9 0-009 0-08 
MgO Se 14-42 361 0-361 3-12 3-12 
CaO i 1-62 29 0-029 0-25 0-25 

Total .. 100-46 2-775 | 

24 


~717 = 8°65 


2 
1-25 (Al, Fe), Os, 3-12 MgO, 2-35 (Fe, Mn) O, 0-25 CaO, 8-21 SIO, 
or nearly, 


10 (Al, Fe),03, 25 MgO, 19 (Fe, Mn) O, 2 CaO, 66 SiO,; or calculated 
on a lime-free basis it comes to Mgs (Fe, Al, Mn), (SiOg)g and the formula 
according to the molecular proportions would be: 


5 (Al, Fe),O3, 25 MgO, 18 (Fe, Mn) O, 2 CaO, 66 SiO,. 


From the above formule it is easily seen that SiO, is in excess of the 
metallic oxides. The proportion of MgO to FeO in a normal hypersthene 
is roughly 3:2 which is closely approximated by this hypersthene. 


For a comparative study, when we plot this hypersthene on the 
Metasilicate and the Q-L-M Diagrams (Table I) it is found (Fig. 1) that 
this mineral, along with other hypersthenes, falls within the field of 
rhombic pyroxene given by Tsuboi (p. 69, 1932) in the former, while in 
the Q-L-M Dizgram (Fig. 2) instead of being near about P in Niggli’s field 
of ‘‘ normal” pyroxenes (p. 643, 1938) enclosed by dotted lines, it falls 
on the side of Q showing its siliceous nature which has already been noted 
in the computed formule. 


Optical Studies.—In thin sections, under the microscope, the mineral 
shows coarse cleavage in which small plates of magnetite are usually seen. 
It has a characteristic pleochroism, the uniformity of which is maintained 
in all the types of rocks, except perhaps a slight weakening in the most 
acid types. A determination on the Universal Stage gave: 

X: Brownish pink 
Y: Pinkish yellow to pink 
Z: Bluish green. 
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Under crossed nicols, the mineral shows yellows and pinks of the ist 
order, a marked oblique extinction even upto 36°. Fifteen determinations 
for the measurement of 2V were taken of which nine gave values of — 60° 
to — 62°. The remaining six gave values ranging between — 52° and —79° 
Such variations observed even in the same slide were also noted in hyper- 
sthenes of other rocks by Verhoogen (1937). Further, the curves given 
by Winchell (p. 177, 1927) for the series MgSlO,-FeSiO, show that slight 
variations in the composition is accompanied by rapid changes in the values 
of 2V. It is therefore possible that in this hypersthene also slight changes 
in composition have been responsible for the variation in the optic axial 
angle, earlier formed crystals being probably richer in FeO. 


Oblique extinction in hypersthene is not uncommon as several authors 
such as Lacroix (p. 173, 1891), Sen Gupta (1916), Walker (p. 17, 1902), 
Naidu (1943) and Ray and Roy (1944) have reported about it. Witha 
view to ascertain whether the observed inclined extinctions are due to 
the oblique orientation as suggested by Johannsen (p. 212, 1937) or to an 
angle between ¢ and Z, [have followed the usual method of locating the 
ether axes with the Universal Stage and tracing the optical planes of 
symmetry on the Wulff’s Net and then plotting the pole of the cleavage 
in the same stereogram. If we assume that the cleavage plane is in the 
prism zone then, it follows that a point at right angles to the cleavage 
pole and the Y ether axis will give the position of the crystallographic axis 
¢ (since Y is parallel to 5). By making seven such determinations it is 
found that ¢c never coincided with Z. Four of these gave values ranging 
from 4° to 9°, one gave 28°, another 33° and another 36°. 


Thus, from the foregoing, it is clear that this hypersthene from Madras 
charnockites cannot be identified either with Winchell’s clinohypersthene 
(p. 180, 1927) or with the artificial products of Bowen and Schairer (1935). 
It is yet to be ascertained whether the non-coincidence of ¢ with Z in this 
hypersthene is just a freak confined to Madras rocks, or a serial character 
of the charnockites. In any case it stands unique in being aluminous and 
giving an angle between ¢ and Z at the same time having the character- 
istic pleochroism of rhombic pyroxene. 


Augite 
The augite seen in these charnockites is a dark green variety usually 


with some opaque inclusions, chiefly of magnetite. This mineral found 


in specimen No. M disposed as a veinlet was carefully isolated, a small 


piece of which was used for making a thin section for optical determina- 
tions. 




















~ 
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Chemical Analysis.—A sample part of the mineral was used for chemical 
analysis after treating it with Thoulet solution and separating the magnetite 
by magnet. The chemical analysis of the augite, along with other mono- 
clinic pyroxenes from other localities, is given in Table III. 


TABLE III 


Chemical analyses of monoclinic pyroxenes 

















A B Cc D E 

SiO, oe 50-06 50-9 51-30 50°23 51-87 
Al,0; ee 1-92 1-5 0:76 3°53 2-02 
Fe,0, oe 2-00 3-2 ee 3-41 3°50 
FeO ee 14°62 13-3 13-92 10°63 8-98 
MnO ee 0-05 ee 0-25 0-10 0-18 
MgO ee 13-07 10°7 14-85 12-27 16-26 
CaO oe 17-85 18°8 20-15 17-44 15-70 
Na,O ee 0°36 oo oe 1-25 0-16 
K,0 ee Trace ee oe 0-31 0-09 
TiO, oe 0-76 oe ee 0-63 0-21 
H,0 oe oe oe 0-21 0-64 1-20 

Total .. 100-69 100-00 101-44 100-44 100-17 
si ee 93 100 91% 97 98 
al ee 2 2 1 4 2 
fm oe 62 58 60% 57% 65% 
c oe 35 40 38% 36 32 
alk o 1 ‘ 2% % 
k . oe ee ee 0-16 0-28 
mg 0-59 0°52 0°65 0-61 0-70 
Q os 22-1 25-8 24°7 22°6 24°4 
L oe 4+2 2°5 1+6 96 3°7 
M <e 73°7 11-7 67-8 71-9 

73°7 

CaSiO; 37°6 42-6 38-8 40°7 34-4 
MgSiO3 a 38:5 34-0 40-2 40-0 50-0 
FeSiO, oe 23°9 23-4 21-0 19-3 156 

















A: Augite from charockite, St. Thomas Mt., Madras ; Analyst : C. Rajagopalan. 


B: “Monoclinic pyroxene from charnockite,” from the top of Mt. Wati (Ote), Uganda. 
Analyst : A. W. Groves, Q.J.G.S., XCI, p. 157, 1935. 


C: “Diallage, Skye.” Analyst: Vom Rath—Handbuch der Mineralchemie, p. 465, 1860; 
Quoted from A. Harker: “The Tertiary igneous rocks of Skye.’’ Mem. G. S. United Kingdom, 
p. 108, 1904. ; 


D: Common augite from diabase ; Issutschki, Siidrussland, P. Niggli: Geologie der 
Schweiz, Geotechnische Serie XIV, Lieferung, p. 17, 1930. 


E: Pigeonite from diabase. Launceston, Tasmania. P. Niggli, op. cif., p. 16. 


From the Table it is seen that this augite is a non-aluminous, non- 
titaniferous and non-alkalie variety, which compares closely with that of 
Uganda (B). Further, it is seen that the mineral is rich in clinoenstatite 
A2 
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and clino-hypersthere molecules and therefore grades partially into 
pigeonite. The Basis molecular composition of a normal augite kindly 
supplied by Dr. K. P. Rode in a personal communication, is 1 Kp +7 
Ne + 2-9 Cal + 26-5Cs + 13-5 (Fa+ Fs) + 25-9 Fo + 22:8 Q +0-2 Ru. 
The augite from the Madras charnockite 2:0 Ne +2-2 Cal + 25-9 
Cs + 19-5 (Fa + Fs) + 27:7 Fo + 22-1 Q+0-6 Ru shows a much 
higher value of (Fo + Fa + Fs) which indicates the pigeonitic nature. 


The computation of the formula of augite on the lines suggested by 
Groves (p. 213, 1937) is given in Table IV. 


























TABLE IV 
Computation of the formula of augite 
No. of Metal atoms on the basis of 
G, 
| Wt® M. P (0, OH, F) 24 (O, OH, F) 
| | 
SiO, ‘i 50-06 834 1-668 7-60 ) 
TiO, < 0-76 10 0-20 0-09 $80 80 
AlzOs e 1-92 19 0-057 0-35 {Oc oo) 
Fe,0; Re 2-00 13 0-039 0-24 j 0°28 | 
FeO pe 14-62 203 0-203 1-85 1-88 + 5+10 
MnO i 0-05 1 0-001 0-01 | 
MgO i 13-07 327 0-327 2:98 2-98 J 
CaO a 17-85 319 0-319 2-90 2-00) ave 
Na,O i 0-36 | 6 0-006 O-ll +11] 
Total .. 100-69 | 2-634 














0-28 (Al, Fe),03, 2-98 MgO, 1-86 (Fe, Ma) O, 2-9 CaO, 0-11 Na,0, 
8-0 (Si, Al, Ti) O, or nearly, 


3 (Al, Fe),O3, 30 MgO, 18 (Fe, Mn) O, 29 CaO, Na,O, 80 (Si, Al, Ti) 
O,; or to put it slightly differently, 


(Ca, Na)s (Mg, Fe, Al, Mn)s [(Si, Al, Ti) Og)]s 
while that according to the molecular proportiors comes to: 


5 (Al, Fe).O3, 54 MgO, 34 (Fe, Mn) O, 53 CaO, Na,O, 141 (Si, Ti) O». 


On the Q-L-M (Fig. 3) Diagram the augite is seen falling just on the 
border of Niggli’s field for ‘‘normal’” pyroxenes (indicated by dotted 
lines); being on the M side, it indicates deficiency in SiO, carrying 
normative olivine in its composition. On the Metasilicate Diagram 
(Fig. 4) this augite falls not within Tsuboi’s field of monoclinic pyroxenes 
(p. 69, 1932) but between the ranges of rhombic and monoclinic, though 
nearer to the latter. This shows its deficiency in wollastonite molecules, 
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with higher MgSiO, and FeSiO, than normal, showing thereby its pigeonitic 
nature. 


Optical Studies.—Under the microscope the mineral is green or bluish 
green in thin sections, with well-developed cleavages in which, as in the 
case of hypersthene, small plates of magnetite are usually developed. It 
sometimes shows a very faint but distinct pleochroism. 




















TABLE V 
Chemical analyses of hornblende 
A B Cc | D | E 

SiO, ‘a 44:10 | 42-38 37°79 46-22 43-11 
Al20s oa 9-00 | 8-65 11-92 8+12 11-10 
Fe,03 od 6-23 8:18 6-78 9+33 4+97 
FeO oa 16-72 13-80 15+99 15-18 13-04 
MnO “ 0-06 | a - ‘ 0-43 
MgO : 6-56 7-53 8-37 5+20 9+35 
CaO : 115 | 12-07 9-76 10-08 11:76 
Na,O a 1-42 | 1-65 1-38 2-46 1-18 
K,0 0-94 | 0-63 3-08 1-23 1-27 
TiO, ; 3-27 | 3-88 3-37 1-08 1-32 
P20, oe oe ee oe 0°10 
H,0+ oa 0-98 0-93 1-37 1 +36 1-92 
H,0- “a 0-07 | 0-30 0-19 os 0-16 

Total ..| 100-50 | 100-00 100-00 100-26 99-78 
si “ 92 86% 73 100 86 
al us 11 10% 13% 10% 13 
fm jf 60 59 60 59% 58 
c “ 25 26% 20 23% 25 
alk os 4 | 4 6% 6% 4 
k as 0-30 | 0-18 0-59 0-24 0-41 
mg “ 0-35 0-38 0-41 0-29 0-49 
Q ol 21-2 19-3 12-2 21-6 20-2 
L nd 21-5 21-6 31-1 23+5 25+1 
M ie 57°3 59-1 567 54-9 54-7 
CaSiOs a 33-5 36-3 28-8 34-7 33-6 
MgSiOz Re: 27-5 31+5 | 34-6 25-0 37°4 
FeSiO; nl 39-0 32-2 36 +6 40°3 29+0 














A: Hornblende from charnockite. St. Thomas Mt., Madras. Analyst: C. Rajagopalan. 


B: Hornblende from charnockite. From the top of Mt. Wati (Ote), Uganda, Analyst: 
A. W. Groves, Q. J. G. S. XCI, p. 158, 1935. 

C: Hornblende from charnockite. From the bed ofa river about 14 miles S. W. of Mt. 
Wati, Uganda. Analyst: A. W. Groves. op. cit. 


D : Hornblende from syenite, Biella, Piedmont, Italy, Rosenbusch : Ej., Gest. pp. 103 and 
106. Quoted from Clarke : Data of Geochemis‘ry, 1924, Sth Ed. 


E: Common hornblende from amphibolite. Palmer center, Mass., U.S.A. P. Niggli: 
Geologie der Schweiz, Geotechnische Serie XIV, p. 14. 
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X: Yellowish green. 
Y: Green. 
Z: Bluish green. 


Under crossed nicols, most of the pieces show thin and distinct lamille 
with different polarisation colours of Ist and 2nd orders giving the effect 
of multiple twining: Probably this is due to ‘slips’ along the planes of 
parting. A determination on the Universal Stage gave the following 
results : 

+ 2V =52°+4° 

cA Z =45° + 2° 


Though the majority were near about 50° in their optic axial angle, grains 
of augite are not wanting showing smaller values. The low optic axial angle 
and the richness of the mineral in clino-enstatite and clino-hypersthene 
molecules, distinctly point out that this augite is a member of the pigeonite 
family. 

Hornblende 


Chemical Analysis.—This mineral was isolated from rock No. M af 


in which it is found to occur in large stringers. The mineral thus obtained 
was checked under low power microscope and treated with Thoulet solution. 
The heavier residue was powdered and magnetite was separated by a strong 
magnet. The purified powder thus got was analysed, the results of which 
are given in Table V along with the analyses of hornblendes from other 
localities. 


From the analysis given above (Table V A) we find that this hornblende 
is rich in iron, which is probably responsible for its colour; TiO, is also 
fairly high and is probably the cause of the strong pleochroism exhibited 
by it. The computation of the formula according to Grove’s method is 
given below (Table VI). 


1-66 (H, Na, K),0, 2-13 (Fe, Mn) O, 1-5 MgO, 1-86 CaO 
2:33 (Al, Fe),O, 7:09 (Si, Ti) O, 
or nearly, 
11(H, Na, K),0O, 14(Fe, Mn)O, 10 MgO, 12CaO, 16(Al, Fe),0, 
47(Si, Ti)O, or better as, Hy (Ca, Na, K)s (Mg, Fe, Al, Mn), [(Si, Al, 
Ti) O,],, and that according to the molecular proportions comes to: 


9(H, Na, K),0, 23(Fe, Mn)O, 16MgO, 20CaO, 13(A1, Fe).Og, 
16 (Si, Ti) Oo. 
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TABLE VI 
Computation of the formula of hornblende 
No. of Metai atoms on the basis of 
Wts M. P. (0, OH, F.) 24 (O, OH, Ff.) 
SiO, ea 44-10 735 1-470 6-72 
TiO, od 3-27 41 0-082 0-37 8-00 
0-91 
AlzOs wa 9-00 88 0+264 1-61 (0-70) 
Fe,Os “a 6-23 | 39 0-117 0-72 1-42 
FeO s 16-72 | 232 0-232 4 2:13 | 
MnO a 0-06 1 0-001 0-01 (5-05 
MgO “a 6-56 | 164 0-164 1+50 1-50} 
CaO a 11-15 | 200 0-200 1-86 1-86 ) 
Na,O m 1-42 | 23 0-23 0-42) 246 
K,0 ia 0-94 | 10 0-10 0-18 | 1-66 
H,0+ i 0-98 ) : R é 
H20- : 0-07) | 58 0-58 1-06 | 1-06 
Total .. 100-50 - | 2-621 








From the above formule it is easily seen that the metallic oxides are in 
excess of SiO,. This deficiency in silica is due to the partial replacement. 
This mineral also, therefore, carries normative olivine molecules, just as 
augite does. 


The composition of common hornblende is expressed by Groves 
(p. 212, 1937) as 


H, (Ca, Na, K)o-3 (Mg, Fe, Al)s [(Si, Al) Og)]g. 


The formula of the hornblende expressed in similar manner com- 
pares very well with the above one, except that the Hg is deficient. It is 
very probable that the hornblende is derived from augite with insufficient 
water. Other chemical evidences which will be discussed in the next paper 
also suggest a similar conclusion. 


The Basis composition of this hornblende and the hornblende from 
quartz-gabbro and quartz-diorite (personal communication from Dr. K. P. 
Rode) is given below: 


Hornblende from Basis composition 
Qz-gabbro .. 10-2 (Kp + Ne) + 12-4 Cal + 13-1 Cs + 42-4 
(Fo + Fa + Fs) +21:9Q. 
Qz-diorite .. 8-5 (Kp + Ne) +9-2 Cal + 12-1 Cs + 45:4 
(Fo + Fa + Fs) + 24-8Q. 
Charnockite .. 11-7(Kp + Ne) + 9-8 Cal + 12:9 Cs + 42-0 


(Madras) (Fo + Fa + Fs) + 23-6Q. 
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From the above, it is seen that the mineral in question compares 
very well with the normal hornblendes characteristic of plutonic igneous 
rocks. 


When plotted in the two Trilinear Diagrams (Figs. 5 and 6) it is seen 
that this hornblende falls in the proper field in both cases. 


Optical Studies.—Under the microscope in thin sections, it is seen that 
the mineral is a greenish-brown variety and highly pleochroic with the follow- 
ing scheme of pleochroism as determined on the Universal Stage. 


X: Pale yellow to bright yellow. 
Y: Brown. 
Z: Deep brownish-green. 


The prismatic cleavage is well developed. A determination on the 
Universal Stage gave the following results: 


—2V =81°+1° 
cA Z=8° +4° 


Though most of the grains gave the above values there were, however, 
a few pieces giving slightly lower or higher values both in their optic axial 
angle and maximum extinction angle, the variatiors probably being due to 
slight differences in composition, as in the case of hypersthene. 


General Relationship of the Femic Minerals 


From the foregoing chemical study we find that while the FeO content 
of the three femic minerals is almost uniform, in augite there is relatively an 
enrichment of lime at the cost of alumina and silica. The silica is higher in 
the rhombic pyroxene than in the monoclinic which in fact carries some 
normative olivine molecules. 


As compared to the pyroxene, hornblende is richer in total iron, parti- 
cularly sesqui-oxide, and to some extent alumina also, this being at the 
expense of MgO, CaO, and to some extent SiOz. 


On the basis of microscopic study Sen Gupta (1916) considered the 
thombic pyroxene to have been derived from augite. A chemical study or 
these minerals does not, however, support such a conclusion. For such a 
change, the impoverishment of augite in lime might be explained away by 
assuming it to have been drawn upon for the formation of anorthite of 
garnet, but then, there is no source of alumina required either by anorthite 
or garnet or for that matter by hypersthene itself (vide analysis of hypersthene 
and augite), since this augite is practically a non-aluminous variety. 
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Fico, 5. QL.M. Diagram for Hornblende 
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Fic. 6. Metasilicate Diagram for Hornblende 
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Ghosh (1941) has suggested that basic diopsidic rocks on assimilation 
by highly alkaline magma would give rise to hypersthene-bearing rocks (i.e., 


charnockites) : 


Diopside + anorthite + silica = garnet + hypersthene. 


In charnockites from Madras, however, garnet which must be produced 
according tc the above reaction is not so universally present. 


Tsuboi (p. 73, 1932) following Barth’s (1931) observations asserts that 
“so far as is known, the porphyritic (or plutonic) pyroxenes (i.e., of intra- 
telluric crystallization) are either monoclinic approximating in composition 


TABLE VI 
Determination of the anorthite content of the plagioclase felspars 








Min, 
Slide No, | 2v |Peduced Rock type Sag 
Mst/53..| +78°; 50 | A, Hb-Norite | 1-558 
Mst/48  ..| +82° 45 B. Hy--Gabbro 1-550 
Mst/52 «| +86° 42 C. Norite 1+550 
Mst/23. ..| +88° 40 C. Norite 1-545 
M st/55 +84° 42 C. Norite 1-547 
M st/38.—s«w.| — 88° 36 D. Grano-Diorite 1-545 
M st/4 ..| —80° 30 D. Grano-Diorite 1-545 
Mst/86 | —84 32 E, Granite 1-543 
Mst/17_ .,.| —80 30 E, Granite 1-545 
M st/126_ ,.| +86 | 12-13 F. Hy-Granite 1-538 
Mst/2 —,.| +86 | 12-13 | F- Hy-Granite 1+533 














Deduced 
An% 





55-58 


43 


43 


35 


38 


35 


35 


30-32 


35 


18 


10-12 

















Twin Law An% 
Albite-ala 40-45 
Albite-karls 64 
Albite-ala 40 
Albite-karls 40 
Albite-est 35 
Aklin 48-50 
Manebach-ala 40 
Albite-ala 25-35 
Manebach-al . 40 
Albite-ala 30-33 
Manebach-akli. | 35-40 
Albite-karls 32 
Albite-ala 28 
Manebach=ala 29 
Albite~ala 28 
Albite-ala 29-30 
Albite-ala 30 
Albite-ala 29 
itanebach-ala 25 
Albite-ala 29 
Albite-ala 35 
Albite-ala 35 
Altite~ala 13-15 
Albite-karls 12 
Manebach-aklin 13 
Albite-ala 10-12 
Albite-ala 8-12 


Albite-ala 
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CaMgSi,O,—CaFeSi,O, or rhombic approximating to MgSiOs—FeSiO,, but 
never pigeonitic.”” But here in these rocks we have a monoclinic pyroxene 
which is definitely of pigeonitic nature. 


Felspars 


Among the invariable constituents of charnockites microcline-micro- 
perthite and perthite are the commonest alkali members. The plagioclase 
felspars which are present in all the types are mostly twinned. The nature 
of the plagioclase (i.e., the anorthite content) and the twin law was determined 
on the Universal Stage following the method given by Reinhard (1931). For 
confirming the results, the minimum refractive index determined by immersion 
method and the 2V were used. 


From the above data it is clear that the most important twin law obeyed 
by the plagioclase felspars of the charnockites from Madras is Albite-ala. 
The plagioclases are usually twinned after the Albite and Pericline Laws; 
but here it is significant to note that the twins are dominantly after Albite-ala. 
The deduced values of anorthite from the minimum refractive index and 2V 
agree closely with those of the determined ones. The blue colour of the 
felspars of charnockite was suggested by Jayaraman (1937) as probably due to 
dissemination of minute hair-like inclusions of Fe,Os and TiO,. But the 
possibility that the colour is due to pressure should not be overlooked. 
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In the course of exploring the best methods of preparing 4-stearyl, -4-pal- 
mityl- and 4-lauryl-l-naphthols, we condensed 2-acetyl-l-naphthol with 
stearyl chloride with a view to converting 4-stearyl-2-acetyl-l-naphtho! (I) 
into 2-methyl-3-acetyl-6-steary] 1 : 4-a-naphthapyrone (II) which, on alkaline 
hydrolysis, would give 4-stearyl-1-hydroxy-2-naphthoic acid, the decarboxy- 
lation of which would furnish 4-stearyl-l-naphthol. However, as the 
alkaline hydrolysis of the pyrone (II) gave the original ketone (I) this synthetic 
route was blocked. Some interesting properties of the ketone (I) have been 
studied. Its bromination using one mol or excess of bromine gave 4-stearyl- 
2-bromacetyl 1-naphthol (III),as hot alkali converted it into 5-stearyl-3-keto- 
a-naphthacoumaranone (IV). Nitration with one mol or excess of nitric 
acid gave mainly 4-nitro-2-acetyl-l-naphthol with traces of 4-stearyl-2-nitro- 
l-naphthol. The Clemmenson reduction gave 4-stearyl-2-ethyl-1-naphthol, 
as the same compound was obtained by condensing stearyl chloride with 
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2-ethyl-1-naphthol. On heating its glacial acetic acid or propionic acid 
solution in presence of anhydrous zinc chloride, the ketone lost the stearyl 
group. Similar condensations of 2-acetyl!-l-naphthol with palmityl and 
lauryl chlorides and the properties of the resulting products were studied. 


The second route adopted for the synthesis of 4-stearyl-1-naphthol was 
the condensation of methyl-1-hydroxy-2-naphthoate with stearyl chloride 
with the hope of obtaining 1-hydroxy-2-carbmethoxy-4-stearyl-naphthalene 
(V), the corresponding carboxylic acid of which was expected to give 4- 
stearyl-l-naphthol on decarboxylation. No doubt the product (V) was 
formed in nearly 40% yield, but it was accompanied by an equal amount of 
2-stearyl-l-naphthol, while the decarboxylation of the acid gave the final 
overall yield of 25% of 4-stearyl-l-naphthol. Similar condensations were 
carried out with palmityl and laury! chlorides, and 4-palmityl and 4-lauryl-1 
naphthols were obtained in 20% yield. Other methods are being explored. 


EXPERIMENTAL 
2-Acetyl-4-stearyl-1-naphthol 


A mixture of 2-acetyl-l-naphthol (12 gm.), stearyl chloride (20 gm.) 
and zinc chloride (10 gm.) in nitrobenzene (60 c.c.) was kept for 48 hours, 
decomposed by hydrochloric acid and steam-distilled. The product 
crystallised from alcohol in white, flat needles, m.p. 75-76° C. (Yield 75%). 
Its alcoholic solution gave no colouration with ferric chloride. (Found: 
C, 79-6; H, 9-7. CgpH4.Og requires C, 79-6; H, 9:6 per cent.) 


Kostanecki Reaction with the above ketone and the preparation of 
2-methyl-3-acetyl-6-stearyl-1: 4-a-naphthapyrone.—The above ketone (3 gm.), 
sodium acetate (5 gm.) and acetic anhydride (30c.c.) were heated in an 
oil-bath at 175-80° C. for 12 hours. The product was crystallised from 
alcohol in white, shining needles, m.p. 65-66° C. depressed to 51° C. by the 
original ketone. (Found: C, 78-5; H, 8-8; C3,H4gO, requires C, 78-7; 
H, 8-9 per cent.) 


Hydrolysis of the above pyrone.—The pyrone was reacted with 10 per 
cent. alkali and the product after hydrolysis was crystallised from alcohol in 
shining needles, m.p. 75-76° C. undepressed by 2-acetyl-4-stearyl-1- 
naphthol. 

p-Nitrophenyl-hydrazone of the ketone was obtained from alcohol in 


yellowish-red, flat needles, m.p. 260-61°C. (Found: N, 7:2; CygH,O,Ns 
requires N, 7-1 per cent.) 


Clemmensen reduction of the ketone and the preparation of 2-ethyl- 
4-stearyl-\-naphthol.—The ketone (2 gm.) with amalgamated zinc (10 gm.) 
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and hydrochloric acid (60 c.c.) was refluxed for six hours and crystallised 
from alcohol in small plates, m.p. 71-72° C., depressed to 56-57° C. by the 
original ketone but undepressed by 2-ethyl-4-stearyl-1-naphthol prepared 
from stearyl chloride and 2-ethyl-l-naphthol. (Found: C, 82-0; H, 10-7; 
C3,H yO, requires C, 82-1; H, 10-6 per cent.) 


p-Nitrophenyl-hydrazone of 2-ethyl-4-steary!-l-naphthol gave deep-red 
crystals, m.p. 130-31° C. (Found: N, 7-5; CjgH,;,0,N; requires N, 
7-3 per cent.) 


2-Brom-acetyl-4-stearyl-\-naphthol was prepared from the ketone 
(1-6 gm.) and bromine (0-2 c.c.) in acetic acid (50 c.c.) and crystallised from 
alcohol in white, small, flat needles, m.p. 72-73° C. The mixed m.p. with 
the ketone was 53-54°C. (Found: Br, 15:1; 


C39H4303, Br, requires 
Br, 15-0 per cent.) 


Further bromination gave the same product. 


Formation of 5-stearyl-3-keto-a-naphtha coumaranone.—The solution of 
the bromo product (1 gm.) in caustic soda (10%; 60c.c.) was heated for 
three hours. On acidifying, 5-steary!-3-keto-a-naphtha-coumaranone, m.p. 
66-67° C., depressed to 51-52° C. by the original compound, was obtained. 
(Found: C, 80-1; H, 9-3; C,gH4.03 requires C, 79-9; H, 9-4 per cent.) 


Nitration of 2-acetyl-4-stearyl-1-naphthol.—The ketone (1-13 gm.) was 
nitrated with fuming nitric acid (0-1 c.c.; d. = 1-5) in acetic acid (45 c.c.) 
and yellow, shining needles. m.p. 160° C. separated out. This was found 
to be 4-nitro-2-acetyl-l-naphthol by comparison with an authentic sample. 
The clear acetic acid solution, on dilution with water gave a solid which 
crystallised from alcohol in shining needles, m.p. 175-76° C., undepressed 
by the authentic sample, of 2-nitro-4-stearyl-l-naphthol. Nitration of the 
ketone with excess of nitre acid gave 4-nitro-2-acetyl-1-naphthol. 


Action of acetic acid and propionic acid on 2-acetyl-4-stearyl-1-naphthol 
in the presence of anhydrous zinc chloride.—The ketone (1 gm.) was added 
to the solution of zinc chloride (2 gm.) in acetic acid (100 c.c.) and heated 
for three hours. The product obtained was 2-acetyl-1-naphthol as identi- 


fied with an authentic specimen. Similar reaction with propionic acid 
gave 2-acetyl-l-naphthol. 


2-Acetyl-4-palmityl-\-naphthol was _ prepared from  2-acetyl-l- 
naphthol (12 gm.), zine chloride (9 gm.) and palmityl chloride (18 gm.) 
in nitrobenzene solution (60c.c.). It was crystallised from alcohol in 
white flakes, m.p. 95-96°C. (yield 77%). (Found: C, 79-1; H, 9-6; 
C.gH4,O0, requires C, 79:2; H, 9-3 per cent.) 
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p-Nitrophenyl-hydrazone of this ketone gave red, shining flakes, m.p. 
955-56° C. (Found: N, 7:6; C,,H,;0,Ns requires N, 7:5 per cent.) 

The Kostanecki Reaction of the ketone using acetic anhydride gave 
2-methy!-3-acety!-6-palmity!-1 : 4-a-Naphthapyrone which crystallised from 
alcohol in white, small plates, m.p. 75-76° C. (Found: C, 78-5; H, 8-7; 
CHO, requires C, 78-3; H, 8-6 per cent.) 


The pyrone regenerated the original ketone on alkaline hydrolysis. 
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2-Ethyl-4-palmityl-\-naphthol was obtained by the Clemmenson reduc- 
tion of the ketone or by the condensation of 2-ethyl-l-naphthol with 
palmityl chloride. It crystallised from alcohol in small, shining flakes, 
m.p. 74-75° C. (Found: C, 81-7; H, 10°4; C.g3H4,O, requires C, 81-9; 
H, 10-3 per cent.) 


The p-nitrophenylhydrazone crystallised from alcohol in red, lustrous 
flakes, m.p. 135-36°C. (Found: N, 7:6; Cs,H,,O;N, requires N, 7-7 
per cent.) 


The nitration of the ketone gave mainly 4-nitro-2-acetyl-1-naphthol 
together with a small quantity of 2-nitro-4-palmityl-1-naphthol. 


2-Bromacetyl-4-palmityl-1-naphthol obtained by brominating the 
ketone with one mol or excess of bromine crystallised from alcohol in 
small, flat needles, m.p. 67°. (Found: Br, 15-8; C.sH;,0, Br, 
requires Br, 15-9 per cent.) 


5-Palmityl-3-keto-a-naphtha-coumaranone obtained by heating with 
alkali solution, crystallised from alcohol in small flakes, m.p. 58-59° 
depressed to 44-45° by the original bromo-compound. (Found: C, 79-3; 
H, 9-2. CogH gO, requires C, 79-5; H, 9-1 per cent.) 


2-Acetyl-4-lauryl-1-naphthol prepared in the usual manner using 
lauryl chloride crystallised from alcohol in white, lustrous flakes, m.p. 
60-61° C. (yield = 70 per cent.) (Found: C, 78-1; H, 8-6. C,,H;,0, 
requires C, 78-2; H, 8-7 per cent.) 


Its alcoholic solution did not give any coloration with ferric chloride. 


The p-nitrophenylhydrazone crystallised from alcohol in yellowish red 
flakes, m.p. 195-96°. (Found: N, 8-1; C,)H;,0,N, requires N, 8-3 per cent.) 


2-Methyl-3-acetyl-6-lauryl-1 : 4-a-naphthapyrone crystallised from alco- 
hol in lustrous flakes, m.p. 56-57° depressed to 42°-43° by the original 
ketone. The alkaline hydrolysis gave back the original ketone. (Found: 
C, 80-4; H, 8-1. CagH,,O, requires C, 80-3; H, 8-2 per cent.) 
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2-Ethyl-4-lauryl-1-naphthol obtained by the Clemmenson reduction of 
the ketone or by condensing 2-ethyl-l-naphthol with lauryl chloride 
crystallised from alcohol in lustrous plates, m.p. 53-54° depressed to 39-49° 
by the original ketone. (Found: C, 81-3; H, 9-7. CgqH;,02 requires 
C, 81-3; H, 9-6 per cent.) 


The p-nitrophenyl-hydrazone of the above compound crystallised from 
alcohol in red, lustrous flakes, m.p. 120-21°. (Found: N, 8-7. C,)H,0,N, 
requires N, 8-6 per cetnt.) 


Bromination of the ketone gave only 2-brom-acetyl-4-lauryl-1-naphthol, 
white flakes from alcohol, m.p. 56-57°C. (Found: Br, 17-9; C,,H;,0, Br, 
requires Br, 17-8 per cent.) 


The bromo-product on alkali treatment gave 5-lauryl-3-keto-e-naptha 
cumaranone, white plates from alcohol, m.p. 50-51°C. (Found: C, 
78:7; H, 8-1. CggHg gO, requires C, 78-6; H. 8-2 per cent.) 


On nitration, 2-acetyl-4-lauryl-l-naphthol gave 4-nitro-2-acetyl-1-naph- 
thol and 2-nitro-4-lauryl-l-naphthol with one mol of nitric acid. 


Condensation of methyl-|-hydroxy-2-naphthoate with stearyl chloride— 
Preparation of 4-stearyl-\-naphthol 


A mixture of the naphthoic ester (10-5gm.), anhydrous powdered 
zinc chloride (7 gm.) and stearyl chloride (15 gm.) in nitrobenzene (60 c.c.) 
was kept for 48 hours and then decomposed with hydrochloric acid. The 
nitrobenzene was steam-distilled and the product was treated with 10% 
alkali which gave alkali-soluble and alkali insoluble compounds. The 
alkali insoluble product was proved to be 2-stearyl-l-naphthol (yield 40%). 


Methyl-4-stearyl-\-hydroxy-2-naphthoate, the alkali-soluble product 
was crystallised from alcohol in white shining needles, m.p. 205-06°C. 
(yield = 42%). (Found: C, 76:7; H, 9-3. C,>Hy,O, requires C, 76-9; 
H, 9-4 per cent.) 

4-Stearyl-1-hydroxy-2-naphthoic acid.—The above ester was heated 
with 10% alkali for four hours. The alkali solution was neutralised, and 
the product after purifying crystallised from alcohol in white, shining flat 
needles, m.p. 230-31°C. (yield 90%). (Found: C, 76-7; H, 9:3. 
CyoH 4,04 Tequires C, 76:9; H, 9-4 per cent.) 

4-Stearyl-\1-naphthol.—The above acid was heated in an oil-bath at 
240° C. for four hours. The brown product obtained was purified through 
alkali and crystallised from alcohol in colourless shining needles, m.p. 
160-61° C.(yield 25%). (Found: C, 81-8; H, 10-2. C.H,,0, requires 
C, 81:9; H, 10-2 per cent.) 
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Preparation of 4-palmityl-\1-naphthol.—A mixture of the naphthoic 
ester (7°5gm.), anhydrous zine chloride (Sgm.) and palmityl chloride 
(10-5 gm.) in nitrobenzene (60c.c.) was kept for 48 hours and steam- 
distilled, after decomposing the product with hydrochloric acid. The 
product on treatment with alkali gave alkali-insoluble and alkali-soluble 
compounds. The former was 2-palmityl-l-naphthol (yield 45%) while the 
latter was methyl-4-palmityl-1-hydroxy-2-naphthoate which crystallised 
in small plates, m.p. 209-10° C. (yield 40%). Found: C, 76-1; H, 9-2; 
CysH pO, requires C, 76:4; H, 9-1 per cent.) 


The naphthoic ester was hydrolysed with alkali to 4-palmityl-1- 
hydroxy-2-naphthoic acid which crystallised from alcohol in small flakes, 
mp. 240-41°C. (Found: C, 76:2; H, 9:0. C,,H;,0, requires C, 
16:0; H, 8-9 per cent.) 


This on decarboxylation at 250°C. gave 4-palmityl-1-naphthol 
crystallising from alcohol in small flakes, m.p. 180-81°C. (yield 20%). 
(Found: C, 81-5; H, 9-7; CygH,,0, requires C, 81-7; H, 9-9 per cent.) 


Preparation of 4-lauryl-\-naphthol—A mixture of the naphthoic ester 
(7:5 gm.), zinc chloride (5 gm.) an lauryl chloride (9 gm.) in nitrobenzene 
(60c.c.) was treated as before and gave alkali-insoluble 2-lauryl-1-naphthol 
(yield 45%) and alkali-soluble methyl-1-hydroxy-4-lauryl-2-naphthoate 
(yield 38%). This crystallised from alcohol in white lustrous needles, 
mp. 190-91°C. (Found: C, 74-7; H, 8-5. C.H3;.0, requires C, 
15:0; H, 8:3 per cent.) 

When hydrolysed with alkali, this ester gave 4-lauryl-1-hydroxy-2- 
naphthoic acid which crystallised from alcohol in small, white needles, m.p. 
209-10°C. (Found: C, 74:3; H, 8:2; C3H,,O, requires C, 74-6; 
H, 8-1 per cent.) 

4-Lauryl-1-naphthol obtained by decarboxylating the above compound 
at 220° C., crystallised from alcohol in white, lustrous flakes, m.p. 146-47° 
C. (20% yield). (Found: C, 80-8; H, 9-2. C,,H,,0, requires C, 80-93. 
H, 9-2 per cent.) 

We take this opportunity of thanking Rev. Father A. M. Coyne, s.1., 
for his kind interest and provision of facilities. 


SUMMARY 


_ Two methods for the preparation of 4-stearyl, 4-palmityl and 4-lauryl- 
l-naphthols have been worked out. One did not give the desired product 
but its intermediate compounds have been studied. The other method 
gave ed good yields but not quite satisfactory. 
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THE previous methods described by the authors? for the syntheses of 4-stearyl-, 
4-palmityl and 4-lauryl-1-naphthols being unsatisfactory in giving the yields 
of the desired products, we repeated the conditions of condensing Stearyl 
chloride with a-naphthol in presence of anhydrous zinc chloride, and have 
obtained nearly 30 per cent. yield of 4-stearyl-l-naphthol by following the 
details described in the experimental portion. As sufficient amount of this 
substance was available, we have studied some of its chemical properties 
in order to compare them with those of 4-acetyl-l-naphthol studied by 
Akram and Desai.? 


4-Stearyl-l-naphthol can be easily methylated with dimethyl sulphate 
in presence of alkali. It can be smtoothly reduced by amalgamated zinc 
to 4-octadecyl-l-naphthol, unaccompanied by even a trace of the neutral 
hydroxylic compound which was formed in good quantity in the reduction 
of 4-acetyl-l-naphthol. Bromination and nitration with one, two or three 
mols of bromine and nitric acid gave respectively 2-bromo-4-stearyl-l- 
naphthol and 2-nitro-4-stearyl-l-naphthol. These reactions are in direct 
contrast with those of 4-acetyl-1-naphthol which gave side-chain bromination 
products with excess of bromine, and 2: 4-dinitro-l-naphthol with excess 
of nitric acid due to the displacement of the acetyl group by the nitro radical. 


4-Stearyl-1-naphthol resembled 4-acetyl-l-naphthol in respect of the 
Pechmann and Nencki Reactions. Thus the condensation of 4-stearyl-l- 
naphthol with ethylacetoacetate in presence of concentrated sulphuric acid 
also gave 4-methyl-1:2-a-naphthapyrone, with the elimination of stearyl 
group, while on heating the solutions of this substance in glacial acetic and 
propionic acids in presence of anhydrous zinc chloride, 2-acetyl- and 2-pro- 
pionyl-l-naphthols were obtained. Identical studies were made of 4-pal- 
mityl- and 4-lauryl 4-lauryl-l-naphthols and the results were similar to those 
of 4-stearyl-1-naphthol. 
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EXPERIMENTAL 


Condensation of a-naphthol with stearyl chloride and the preparation of 4- 
stearyl-\1-naphthol 


A mixture of a-naphthol (15 gm.), anhydrous zinc chloride (14 gm.) 
and stearyl chloride (15 gm.) in nitrobenzene (80c.c.) was kept for 48 hours 
at the room temperature, heated on water-bath for about 10 minutes and 
then decomposed by dilute hydrochloric acid in the cold. The nitrobenzene 
was steam-distilled when a brown product was obtained which on treating 
with 10% alkali gave alkali-soluble and alkali-insolutle products. 


The alkali-soluble product (yield 30%) crystallised from alcohol in 
colourless, shining needles, m.p. 160-61° C., and was identified as 4-stearyl- 
l-naphthol (cf. previous paper.) Its alcoholic solution gave reddish violet 
colouration with aqueous ferric chloride. (Found: C, 81-8; H, 10-2; 
CygH 202 requires C, 81-9; H, 10-2 per cent.) 


The alkali-insoluble product which crystallised from alcohol in small 
needles, m.p. 82°C., was identified as 2-stearyl-1-naphthol (yield 40%). 


p-Nitrophenylhydrazone of 4-stearyl-l-naphthol was obtained in yellow- 
jsh red, short needles, m.p. 220°-21 C. (Found: N, 7-8; C,,H4O,N, 
requires N, 7-7 per cent.) 


4-Stearyl-\1-methoxy-naphthalene—A mixture of 4-stearyl-1-naphthol 
(0:5gm.), anhydrous potassium carbonate (1 gm.) and dimethyl sulphate 
(6c.c.) in dry acetone (15c.c.) was heated on water-bath under reflux per 
six hours. The alkali-insoluble product obtained was crystallised from 
alcohol in white, shining needles m.p. 125-26° C. undepressed by an authentic 
specimen prepared from a-naphthyl methyl ether and stearyl chloride by 
Desai and Waravdekar.! (Found: C, 81-8; H, 10-2; C..H,,O, requires 
C, 82-1; H, 10-4 per cent.) 


Clemmensen Reduction of 4-stearyl-\-naphthol and preparation of 4-octa- 
decyl-\-naphthol—The mixture of the ketone (1 gm.), amalgamated zinc 
(Sgm.) and hydrochloric acid (30 c.c.) was heated on sand-bath under reflux for 
six hours. The product crystallised from alcohol in white, shining needles 
mp. 240-41°C. Its alcoholic solution did not give any colouration with 
ferric chloride. (Found: C, 84-7; H, 11-2; C,,H,,O requires C, 84-4; 
H, 11-1 per cent.) 


1-Methoxy-4-octadecyl-naphthalene.—The reduced product was methy- 
lated as before and crystallised from alcohol in white shining needles, m.p. 
202-03° C., undepressed by the authentic specimen prepared by reducing 
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1-methoxy-4-stearyl-naphthalene. (Found: C, 84-6; H, 11:3; C.»H,0 
requires C, 84-9; H, 11-2 per cent.) 


2-Bromo-4-stearyl-1-naphthaol_—Bromination of 4-stearyl-1-naphthol (3 
gm.) with bromine (0-4 c.c.) in acetic acid (40c.c.) gave pale-yellow, short 
needles, m.p. 180-81°C. (Found: Br, 16-2; C,,H,,O, Br, requires Br, 
16-3 per cent.) 


Further bromination with two and three mols of bromine gave the same 
product. The bromo product was treated with 10% alkali under reflux for 
four hours without any change. 


2-Nitro-4-stearyl-1-naphthol.—Fuming nitric acid (0-3 c.c.) in acetic acid 
(10 c.c.) was added slowly to the solution of 4-stearyl-1-naphthol (3-3 gm.) 
in acetic acid (40c.c.). The mixture was kept overnight and then poured 
in water, giving a deep-yellow coloured substance which crystallised from 
alcohol in fine, yellow needles, m.p. 175-76°C. (Found: N, 3:2; 
C,,H,,0,N requires N, 3-1 per cent.) Nitration with two and three mols 
of fuming nitric acid gave the same product. 


Condensation of the ketone with ethyl acetoacetate — A mixture of ethyl 
aceto acetate (1-5c.c.) 4-stearyl-1-naphthol (0-5 gm.) in sulphuric acid (73% 
15c.c.) was kept overnight and then poured into water. The product 
obtained crystallised from alcohol in yellowish white small needles, mp. 
172°C. undepressed by the authentic sample of 4-methyl 1: 2-a-naphtha- 
pyrone prepared from a-naphthol and ethyl aceto acetate. 


Nencki Reaction with 4-stearyl-\-naphthol using acetic acid and propionic 
acid—A mixture of zine chloride (3 gm.), 4-stearyl-l-naphthol (0-5 gm.) 
in glacial acetic acid (15 c.c.) was heated on sand-bath under reflux for three 
hours and poured into water. The solid crystallised from alcohol in needles, 
m.p. 100° C., undepressed by 2-acetyl-l-naphthol. The experiment repeated 
with propionic acid gave the compound which crystallised from alcohol 
in small plates, m.p. 86°C., undepressed by 2-propionyl-1-naphthol. 


Preparation of 4-palmityl-\-naphthol 


Palmityl chloride (14 gm.) was added to a mixture of a-naphthol (15 gm.) 
zinc chloride (14 gm.) and nitrobenzene (80 c.c.) and the mixture after keeping 
for 48 hours at the ordinary temperature was heated on water-bath for 10 
minutes, decomposed and steam-distilled. The product gave alkali-soluble 
and insoluble compounds. The alkali soluble compound crystallised 
from alcoho! in colourless, shining, small flakes, m.p. 180-81°C. (yield 


25%): 
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Its alcoholic solution gave reddish violet colouration with ferric chloride. 
It remained unchanged when treated with concentrated sulphuric acid. 
(Found: C, 81:5; H, 9-7; CyggH3,O, requires C, 81-7, H, 9-9 per cent.) 


The alkali-insoluble product crystallised from alcohol in white shining 
flakes, m.p. 84°C., undepressed by the authentic specimen of 2-palmityl-1- 
naphthol. 


p-Nitrophenylhydrazone « of 4-\-palmityl-naphthol gave reddish, short 
needles, from alcohol m.p. 250-251° C. (Found: N, 8-2; C,sH,,0,N, 
requires N, 8-1 per cent). 


Methylation of 4-palmityl-\1-naphthol gave white, shining, small needles, 
m.p. 129-30°C. The mixed m.p. with the authentic specimen of 4-palmityl- 
1-methoxy-naphthalene prepared from a-naphthyl methyl ether and palmityl 
chloride was unaltered. 


4-Hexadecyl-\-naphthol.—A mixture of 4-palmityl-1-naphthol (1 gm.), 
amalgamated zinc (5 gm.) and hydrochloric acid (30c.c.) was refluxed for 
6 hours. The product crystallised from alcohol in white, shining plates, 
m.p. 250-51°C. (Found: C, 84-5; H, 10:5; CagHyO requires C, 84-4; 
H, 10-9 per cent.) 


Methylation of 4-hexadecyl-\-naphthol gave 1-methoxy-4-hexadecyl 
naphthalene which crystallised from alcohol in white, shining, flat needles, 
m.p. 224-25°C. undepressed by the authentic specimen prepared by 
reducing 1-methoxy-4-palmityl-naphthalene, obtained from a-naphthyl methyl 

_ether and palmityl chloride. (Found: C, 846; 4H, 11-1. C,,H,,O 
tequires C, 84-8; Hg, 11-0 per cent.) 


2-Bromo-4-palmityl-1-naphthol.—The ketone (3 gm.) was brominated 
with bromine (0-4 c.c.) in acetic acid (50c.c.) and the product obtained 
was crystallised from alcohol in yellowish white shining plates, m.p. 230- 
31°C. It was unaffected by heating with 10% alkali. This was the only 
product obtained with 2 and 3 mols of bromine. (Found: Br, 17-4; 
C,,H,,0,. Br, requires Br, 17-3 per cent.) 


2-Nitro-4-palmityl-1-naphthol.—_Nitration of the ketone (3 gm.) with 
fuming nitric acid (0-3c.c.) in glacial acetic acid gave the nitro derivative 
which crystallised from alcohol in reddish white flat needles, m.p. 215-16° C. 
(Found: N, 3-1; CygH,,0,N requires N, 3-3 per cent.) 


The coumarin condensation of the ketone (0-59) with ethyl acetoacetate 
(I-Sc.c.) in presence of sulphuric acid (73%; 15¢.c.) gave 4-methyl-1 : 2- 
a-naphtha-pyrone identified by the mixed m.p. with an authentic specimen, 











342 R. D. Desai and W. S. Waravdekar 


The action of acetic acid and propionic acid on 4-palmityl-1-naphthol 
in presence Of zinc chloride gave 2-acetyl- and 2-propionyl-1-naphthols, 


Preparation of 4-lauryl-1-naphthol_—A mixture of lauryl chloride (12 g,), 
a-naphthol (15 gm.) and zinc chloride (14 gm.) in nitrobenzene (80 c.c.) was 
kept for 48 hours at the room temperature and heated for 10 minutes on 
water-bath before decomposing. It was then steam-distilled, and the product 
was treated with alkali to separate the alkali soluble and _ insoluble 
components. The alkali-soluble compound crystallised from alcohol in 
white, shining flakes, m.p. 146-47°C. (yield 25%). Its alcoholic solution 
gave reddish violet colouration with ferric chloride. (Found: C, 80:8; 
H, 9-2; CzysH 3,0. requires C, 80-9; H, 9-2 per cent.) 


The alkali-insoluble product was identified as 2-lauryl-1-naphthol 
(yield 40%). 


p-nitrophenylhydroxone of 4-lauryl-l-naphthol gave deep-red, shining, 
flat needles, m.p. 199-200°C. (Found: N, 9-2; C,,H;,0O,N, requires N, 
9-1 per cent.) 


1-Methoxy-4-lauryl-naphthalene.—The methylation of 4-lauryl-l-naph- 
thol gave the methyl derivative which was identical with one prepared from 
a-naphthyl methyl ether and lauryl chloride. It crystallised from alcohol 
in white flakes, m.p. 111-12°C. (Found: C, 81:0; H, 9-3. C,3H,,0: 
requires C, 81-2, H, 9-4 per cent.) 


4-Dodecyl-1-naphthol.—4-Lauryl-1-naphthol (1 g.) was reduced by 
amalgamated zinc (Sgm.) and hydrochloric acid (30c.c.). The product 
crystallised from alcohol in white, shining, small flakes, m.p. 203-04° C, 
It did not give any colouration with ferric chloride. (Found: C; 84-4; 
H, 10-1; C,2H,2O0 requires C, 84-5; H, 10-3 per cent.) 


1-Methoxy-4-dodecyl-naphthalene.—The reduced product was methylated 
with dimethyl! sulphate and proved to be identical with one prepared by 
reducing 1-methoxy-4-lauryl-naphthalene. It crystallised from alcohol in 
white, lustrous flakes, m.p. 166°C. (Found: C, 84:3; H, 10-3. C2,H,,0 
requires C, 84-5; H, 10-4 per cent.) 


2-Bromo-4-lauryl-1-naphthol.—4-Lauryl-1-naphthol (2:5 gm.) was 
treated with bromine (0-4 c.c.) in acetic acid (40 c.c.) and the product obtained 
was crystallised from alcohol in yellowish, shining plates, m.p. 170-71°C. 
(Found: Br, 19-8; C..H.,0,Br, requires Br., 19-7 per cent.) 


2-Nitro-4-lauryl-1-naphthol.—Nitration of the ketone (2-5gm.) with 
fuming nitric acid (0-3c.c.) in acetic acid (50c.c.) gave reddish, shining, 
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small flakes, m.p. 160-61°C. (Found: N, 3-7; C3:H..0,N requires N, 
3-8 per cent.) 

The coumarin condensation of the ketone-—With  ethyl-acetoacetate 
gave -4-methyl-1 : 2a-naphthapyrone. 


Acetic acid and propionic acid.—When heated separately with 4-lauryl-1- 
naphthol in presence of zinc chloride gave 2-acetyl-1-naphtho] and 2-propio- 
nyl-l-naphthol respectively. 

We take this opportunity of thanking Rev. Father A. M. Coyne, s.J., 
for his kind interest and provision of facilities. 


SUMMARY 


4-Stearyl, 4-palmityl, and 4-lauryl-l-naphthols were prepared in fairly 
good yield by the action of their respective acid chlorides on a-naphthol. 
Their properties have been studied, and compared with those of 4-acetyl- 
|-naphthol. 
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THERE are about 25 species of Dertris indigenous to India. Of these 
D. ferruginea belongs to the same sub-group as D. elliptica and bears a close 
resemblaace to it!; careful examination is necessary to distinguish one from 


the other. D. ferruginea occurs in the tropical zone of the Eastern Himalayas, 
particularly in Assam. 


While making a general survey of the rotenone-bearing plant: of India, 
Krishna and Ghose? noted that a species of derris from Assam contained 
0:74% of rotenone. It was first mistaken to be D. elliptica® but later was 
correctly identified as D. ferruginea.? In a subsequent publicatior* these 
authors reported that the rotenone content of D. ferruginea varied from 
0-74 to 2:4% while the ether extractives ranged from 2-5 to 4-5% and also 
mentioned that a sample of D. ferruginea grown by the Silviculturist, Assam, 
was found to contain as much as 6°1°% of ether extractives but no rotenone. 
Thus there appeared to be two varieties of this plant, one of which was 
rotenone-bearing and the other rotenone-free. No detailed chemical 
investigation of these has been done so far. 


Before undertaking a detailed examination of the roots of D. ferruginea 
and other plant materials, we have found it highly advantageous tc carry 
out the Durham test on cut-sections of the samples. Durham himself first 
adopted this simple procedure to characterise plants as rotenone-bearing 
or rotenone-free. Later Worsley’ applied this test for studying the distri- 
bution of rotenone in the plant cells. During the earlier days of work on 
derris, rotenone alone was considered to give this test, but subsequently 
a number of other compounds closely related to rotenone have been found to 
respond to it. A positive Durham test, therefore, should indicate the pre- 
sence of rotenoids in the plant. It may here be pointed out that rotenoids 
like tephrosin, isotephrosin and dehydro-rotenone do not exhibit the series 
of colour changes in this reaction as given by the others. According to 
the generally accepted view, however, the tephrosins do not occur in the plant 
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as such, but are formed from deguelin by oxidation during the process of 
extraction.® Similar may be the case with the dehydro-compounds. Hence 
in testing the plant material directly, absence of the sequence of colours (red 
to blue or bluish green) in the Durham test may be taken as evidence of the 
plant being of the non-rotenoid type. This is supported by our experience 
of the detailed chemical investigation of a number of cases. The two varie- 
ties of D. ferruginea could be easily distinguished by this simple procedure. 


D. ferruginea is of special interest in India, as it is the only indigenous 
species of derris so far known to contain a fairly good percentage of rotenone. 
Consequently samples obtained from Assam were subjected to detailed 
chemical examination. For extraction and separation of the components 
we have used in general the procedure adopted by Goodhue and Haller? 
for the study of the roots of Tephrosia virginiana. Chloroform is employed 
for the initial extraction of the root and ether and 5% sodium hydroxide 
for separation into fractions. The use of chloroform instead of ether 
renders the initial extraction quicker and minimises loss of solvent in the 
tropics. The rotenoid-free variety of D. ferruginea did not give any 
crystalline component though the extractives amounted to 6-5%. The 
extracted matter was liquid in consistency and most of it was soluble in 
petroleum ether. 


The rotenoid-bearing roots gave 7:3% of extractives as a definite and 
clean solid of which more than 60% consisted of rotenone. The alkali- 
soluble fraction amounted to 20%, but no crystalline solid could be isolated 


D. ferruginea roots (2 kg.) 
Chloroform 
Extract (146 g.) 











ether 
a io | 
Fraction A, 90 g. Fraction B, 1-0 g. Ether solubles 
mostly rotenone #Dehydro-rotenone 
| 5% alkali 
| 
Alkali-insoluble Alkali-solubl¢ resin 
fraction C (28 g.) 
Ether 
eu | 
Fraction D (1:5 g.) Ether solubles (20-5 g.) 


Dehydo-rotenone f 
Acetic acid + petro | leum ether + water 





| | 
Neutral resin 7-0 g. Fatty material 13-0 g. 
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from it. From the alkali-insoluble portion only dehydro-rotenone could 
be obtained; attempts to get crystalline products from the other fractions 
by treatment with methyl alcoholic alkali or by dehydrogenation with iodine 
were not successful. The roots appear therefore to contain only rotenone 
and dehydro-rotenone. The scheme of extraction and separation is given 
above. 


From the results presented in this paper it appears to be possible to 
distinguish between D. elliptica and D. ferruginea roots from their chemical 
composition. The former yields a considerably higher percentage of 
extractives generally and whatever may be this percentage, it is reported to 
contain a constant value of 40% of rotenone.® On the other hand, D. ferru- 
ginea yields a low percentage of extractives and rotenone amounts to more 
than 60% of it. Again as the alkali-soluble portion D. elliptica gives usually 
about 10% of the resin,®® whereas nearly 20% is obtained from D. ferruginea. 
Further, the neutral resin, which forms an appreciable amount (30%) of 
the total resin in the former species, gives deguelin and elliptone. From the 
neutral resin of D. ferruginea no crystalline component could be isolated. 
Thus there seem to be marked differences between the resins of the two species, 
though the differences are not so marked as between D. elliptica and 
D. malaccensis.***® This, no doubt, requires confirmation by examining 
some more samples of D. ferruginea before it could be conclusive. 


EXPERIMENTAL 
D. ferruginea (rotenoid type). 


Medium-sized roots were obtained from Assam, coarsely powdered 
and the powder (2 kg.) was extracted five times in the cold with chloroform 
(5 litres each time). The combined extracts were distilled to remove the 
solvent. The solvent-free residue (146 g.), obtained as a solid, was treated 
with ether (350 c.c.) and the sparingly soluble fraction A (90 s.) was collected. 
By keeping the ether solution for a few days in an ice-chest, a very small 
amount of fraction B (1-0 g.) was obtained. 


The ether solution was rapidly extracted four times with 50 c.c. portions 
of 5% aqueous potash. The combined alkali extracts were shaken once 
with ether, acidified and extracted again with ether. The alkali solubles, 
fraction C (28g.), were separately examined. On keeping overnight in an 
ice-chest, the alkali-insoluble ether solution slowly deposited a small quantity 
of a crystalline material. This solid, D (1-5 g.) was filtered off. 


The filtrate was dried over anhydrous sodium sulphate ard after com- 
plete removal of ether, the residue was taken up in carbon tetrachloride 
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(50c.c.) and kept for a week in the ice-chest with occasional stirring and 
shaking. As no crystalline material separated from this, the solvent was 
removed under reduced pressure ard the residue (20-5 g.) taken in a small 
volume of ether and kept in an ice-chest. No crystalline material separated 
even from the ether solution. Therefore ether was removed ard the residue 
was dissolved in glacial acetic acid (50c.c.), Petroleum ether (50c.c.) was 
added, followed by 5c.c. of water to cause the separation of the layers. The 
acid layer was washed with petroleum ether and the petroleum ether layer 
with 90 acetic acid so as to effect better separation of the components. 
The petroleum ether layer was finally washed with alkali, evaporated and the 
fatty material (13-0g.) recovered. The neutral resin (7-0g.) was obtained 
from the acetic acid solution by precipitation with water and extraction with 
ether. This ether solution was rendered free of acetic acid by washing with 
5% alkali and then washed with water free of alkali. 


Chemical Examination of Plant Insecticides—1 





The neutral resin was treated with dilute methyl alcoholic alkali (50 c.c.) 
and boiled for 10 minutes. As no crystalline solid separated from this 
solution, it was acidified and the resin recovered by ether extraction. Then 
it was taken in absolute alcohol (50c.c.) and to it was added fused sodium 
acetate (8 g.). The solution was kept gently boiling and to it was added, 
in small amounts, iodine (3 g.) in alcohol (30c.c.). After the addition was 
over, the solution was set aside overnight; but no crystalline material sepa- 
tated, 


Fraction A.—It formed the major bulk of the extract and was found to 
tespond to the rotenone colour reactions. It melted at about 163° and was 
fractionated using alcohol. From 10g. of the material the following two 
fractions were collected: 


Yield Melting point Durham test ‘Ferric chloride colour 
Fraction (i) .. 7°5g. 163-4° Red-blue Nil 
Fraction (ij) .. 1°8g. 160-1° do, do, 


The two fractions were found to be identical with rotenone by mixed 
melting point determinations with an authentic sample. 


Fraction B.—It had an indefinite melting point and was therefore purified 
by washing with petroleum ether to remove fatty impurities and then by 
crystallising from alcohol-chloroform mixture. An yellow crystalline solid 
(needles), melting at 217-8°, was obtained. In the Durham test, with nitric 
acid it gave red colour but no blue with ammonia. It did not give any ferric 
chloride colouration. It was identified as dehydro-rotenone by taking a 
mixed melting point with dehydro-rotenone obtained by the dehydrogena- 
tion of rotenone. 
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Fraction C.—By treatment with methyl alcohol, it gave only a waxy 
solid melting at about 85°. This solid did not give any colouration with 
nitric acid or ammonia in the Durham test. All attempts to get a crystalline 
component from this fraction by treatment with various solvents were un- 
successful. 


Fraction D.—This fraction also had an indefinite melting point and 
therefore was first purified by treatment with petroleum ether. Then it 
was crystallised from alcohol. The crystalline product that was sparingly 
soluble in alcohol was filtered. It was yellow in colour (needles) and melted 
at 217-8°. From its properties it was identified as dehydro-rotenone. The 
alcoholic solution on cooling gave a gelatinous praduct, which could not 
be induced to crystallise by keeping in an ice-chest or by treatment with other 
solvents like acetone. Thus no crystalline product other than dehydro- 
rotenone could be obtained from this fraction. 


Our thanks are due to Dr. S. Krishna of the Forest Research Institute, 
Dehra Dun, for the supply of the root samples. 


SUMMARY 


Detailed chemical examination of the roots of D. ferruginea has now 
been carried out. Of the two varieties, the rotenone-free one is further 
characterised by not givirg any crystalline component. The rotenone- 
bearing variety yields besides rotenone (4-3%), only a small amount of 
dehydro-rotenone. The chemical chaarcteristics of rotenone-bearing 
D. ferruginea and D. elliptica are compared. It seems to be possible to 
use chemical composition to distinguish one from the other. 
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Tue synthesis of calycopteretin and of its hexamethyl ether has already 
been reported.1 The naturally occurring derivative, calycopterin is a 
partial methyl ether. Its constitution (III) has been established by a 
study of its degradation products and of its dimethyl and diethyl ethers* *. 
It has now been synthesised in the following manner. 2-Hydroxy-w 
3:4: 5: 6-pentamethoxy-acetophenone (I) is condensed with the anhydride 
and potassium salt of p-benzoyloxy-benzoic acid according to the method 
of Allan and Robinson. The product is 4’-hydroxy-3: 5: 6:7: 8-penta- 
methoxy-flavone (II) which when subjected to partial demethylation using 
hydrobomic acid? yields calycopterin (III). 
OCH, 


CH3;0- ty -—OH Pot. Salt of p-benzoyloxy- 
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benzoic acid and its anhydride 
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The synthetic and naturally occurring samples are identical in all their 
properties. The mixed melting point is undepressed. While preparing 
the acetyl derivative for purposes of comparison it is noticed that under 
milder conditions a mono-acetate could be made. Its properties indicate 
that it has the 5-hydroxyl free and that it is the 4’-acetate of calycopterin. 


EXPERIMENTAL 








CH,0- 


p-Benzoyloxy-benzoic acid.—p-Hydroxy-benzoic acid (10-0 g.) was 
benzoylated using benzoyl chloride (10-0c.c.) and sodium hydroxide 
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(100c.c.; 10%) according to the Schotten-Baumann method. The solid 
product was filtered and crystallised from alcohol. It appeared as long 
colourless rectangular plates and prisms and melted at 220-22°. 


The alkaline filtrate was acidified and the product obtained was filtered 
and washed with sodium carbonate solution. Thus some more benzoyloxy- 
benzoic acid could be obtained. (Found: C, 69-5; H, 4:3; C,,H,,0, 
requires C, 69-4; H, 4-1%.) The crystalline acid was sparingly soluble 
in cold dilute sodium hydroxide and sodium carbonate but went into solu- 
tion on warming. 


p-Benzoyloxy-benzoic anhydride.—Benzoyloxy-benzoic acid (10 g.) was 
treated with dry carbon tetrachloride (10c.c.) and finely powdered phos- 
phorus pentachloride (10-5 g.) and heated on a water-bath for 10 minutes 
until the evolution of hydrogen chloride ceased. The solvent and phos- 
phorus oxyciloride were then distilled off under reduced pressure and the 
solid product washed with a small volume of dry petroleum ether in the 
cold. When crystallised from carbon tetrachloride the acid chloride was 
obtained as colourless rectangular plates melting at 147-48°. 


The acid chloride (10 g.) was dissolved in dry ether (200c.c.), cooled 
in ice and pyridine (20 c.c.) added. The mixture was kept at ice temperature 
for two hours. At the end, the reaction mixture was treated with small 
bits of ice and the solid anhydride that separated filtered off. The ether 
solution was separated from the aqueous layer, washed successively with 
cold dilute hydrochloric acid, aqueous sodium carbonate and water, dried 
over anhydrous sodium sulphate and evaporated. The total anhydride 
(7 g.) was purified by crystallisation from dry benzene when it was obtained 
as colourless rectangular prisms melting at 155-57°. (Found: C, 72:5; 
H, 4:2; CygH,,O, requires C, 72:1; H, 3-9%). 


3:5: 6:7: 8-Pentamethoxy-4'-hydroxy-flavone (5-O-Methyl-calycopte- 
rin).—An intimate mixture of 2-hydroxy-w: 3:4: 5:6-pentamethoxy- 
acetophenone (0-75 g.), the above anhydride (8 g.) and the potassium 
salt of p-benzoyloxy-benzoic acid (3 g.) was heated at 175-80° for 3 hours. 
The product was then dissolved in alcohol (75c.c.) and while boiling, 
a solution of potassium hydroxide (10g. in 15 c.c.) added during half-an- 
hour and the boiling continued for another 20 minutes to decompose the 
anhydride. The alcohol was then removed under reduced pressure and 
the residue dissolved in water. It was filtered and the filtrate saturated 
with carbon dioxide. The precipitated flavone was dried and recrystallised 
several times from dry ethyl acetate when it appeared as pale yellow 
rectangular prisms meltiig at 200-202°. It was easily soluble in dilute 














| 
| 
| 
] 





5:6:7:8-Hydroxy-Flavenols—1V 351 


alkali to give a yellow solution and did not give any colour with alcoholic 
ferric chloride. Yield: 0°-4g. (Found: C, 61:7; H, 5-4; OCHs, 39-9; 
CopH 20s requires C, 61:9; H, 5-2 and OCHs, 40-0%). 


5: 4'-Dihydroxy-3: 6: 7: 8-tetramethoxy-flavone (Calycopterin).—This 
was obtained by the demethylation of the above pentamethoxy-4’-hydroxy- 
flavone according to the method of Shah, Virkar and Venkataraman? 
using hydrobromic acid (50%) in acetic acid. The product was purified by 
crystallisation from ethyl acetate when it came out as bright yellow 
rectangular plates melting at 226-28°. It gave a green colour with alco- 
holic ferric chloride. A mixture of it with the natural sample of calycopterin 
showed no depression in melting pcint. (Found: C, 61:3; H, 4-8; 
OCHs, 33-4; CyygH,gO, requires C, 61:0; H, 4:8 and OCHs, 33-2%). 


The diacetate was prepared by boiling with acetic anhydride and 
six drops of pyridine; it crystallised from alcohol as colourless long 
needles melting at 131-32°. The mixed melting point with the acetate of 
calycopterin from natural sources was undepressed. 


Mono-acetate of Calycopterin.—When the synthetic or natural sample 
of calycopterin was boiled with acetic anhydride alone or with the addition 
of only a drop or two of pyridine, the monoacetate melting at 120-22° 
was produced. It was pale yellow in colour and crystallised from alcohol 
in the form of rectangular plates. It dissolved easily in dilute aqueous 
sodium hyaroxide to form a yellow solution and gave a green colour with 
ferric chloride. These reactions indicated that the free hydroxyl was in 
the 5-position. (Found: C, 60-5; H, 5:2; C,sHopO, requires C, 60°6 
and H, 4-8%). It could be converted into the diacetate by further 
heating with acetic anhydride and 6-8 drops of pyridine. 


SUMMARY 


By the condensation of 2-hydroxy-w: 3: 4:5: 6-pentamethoxy-aceto- 
phenone with the anhydride and potassium salt of p-benzoyloxy-benzoic 
acid is obtained 4’-hydroxy-3:5:6:7: 8-pentamethoxy-flavone which 
yields calycopterin by partial demethylation using hydrobromic acid. 
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Hibiscus vitifolius is a tall annual herb common in the hotter parts of India 
up to a height of 3,000 ft. It bears prominent flowers the petals of which 
are sulphur yellow in colour with purple eye spots at the base. A preliminary 
investigation of the flower petals indicated that they are very rich in flavonols 
possessing high tinctorial properties. 


Certain interesting points should be noted regarding the extraction of 
these flowers. When the dried flower petals were employed, complete 
extraction could uot be achieved by repeated boiling with alcohol. Consi- 
derable amount of the colouring matter could be obtained from a subse- 
quent water extract. This indicated that the components present are not 
so easily soluble in alcohol and are more solub!e in water. Consequently 
for complete extraction it was found necessary to use dilute alcohol. Fresh 
flowers could be conveniently used for extraction in which case ordinary 
rectified spirits could be used directly, and the extraction was found to be 
complete in a much shorter time. A good yield of a crystalline glycosidic 
substance separated out on concentrating the alcoholic extract and allowiag 
it to stand for a few days. It was very sparingly soluble in a!cohol but could 
be readily crystallised from hot water. It did not give any prominent colours 
with alkaline buffer solutions, but on hydrolysis it yielded gossypetin and 
glucose in equimolecular proportions. The acetate of this compound 
could be obtained as a colourless solid but could not be crystallised. In 
its composition and in all the properties mentioned above the glucoside 
agreed closely with gossypin first isolated from the flowers of Gossypium 
indicum. The important point should be noted that whereas the cotton 
flowers give only a poor yield of gossypin? and that too not consistently, 
the flowers of Hibiscus vitifolius form a rich source of this new and interesting 
glucoside of gossypetin. Further, even for the preparation of gossypetin 
for various experimental purposes these flowers may be considered to be 
very handy and very pure specimens of the flavonol could be readily obtained. 


The alcoholic mother-liquors left after the separation of gossypin were 
satisfactorily worked up by precipitation as the neutral Jead salt. This 
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fraction contained besides gossypin a component sparing!y soluble in water 
and capable of being extracted with ether. This was identified as quercetin 
from its properties and by the preparation of its acetate. It is our experience 
that gossypetin, the predominantly major flavonol component of these flowers, 
occurs entirely as the glycoside, gossypin, whereas the minor component 
quercetin seems to Occur almost entirely free. This constitutes a great 
advantage since the components can be readily separated; gossypin is very 
sparingly soluble in organic solvents and more readily soluble in water 
whereas quercetin exhibits just the opposite solubility characters. The 
association Of quercetin with gossypetin in the cotton flowers has been 
already noted. The persistence of this even in Hibiscus vitifolius is signi- 
ficant in connection with the biogenesis of the flavonois as suggested in an 
earlier publication. 
EXPERIMENTAL 


Extraction: First Stage (Gossypin).— 


The fresh flowers with the calyx removed (2,000) were extracted twice, 
refluxing each time with alcohol for 3-4 hours. The pigment was com- 
pletely extracted by this process as was shown by the colourless residue. The 
dark red alcoholic extract was concentrated to recover most of the solvent 
whereby a highly viscous dark reddish brown concentrate was left behind. 
It was kept in the ice-chest for 3-4 days when a large amount of a yellowish 
brown solid separated out. It was filtered and washed with a little alcohol 
to remove the darker coloured resinous impurities. It was then dissolved 
in boiling water (200c.c.) and the deep red solution filtered through a plug 
of cotton-wool to remove the waxy matter. The filtrate was cooled to the 
room temperature, treated with an equal volume of ether and kept in the 
ice-chest for 24 hours. The pale yellowish brown crystalline solid that 
separated out was filtered, washed with a little alcohol and ether and dried; 
yield, 8-O0g. The product was purified by crystallisation from hot water 
thrice using a little charcoal to remove extraneous colouring matter. From 
the clear brown filtrate gossypin came out as shining yellow crystals which 
appeared as narrow rectangular plates under the microscope. On heating 
in a capillary tube it melted with vigorous decomposition at 228-30°. 


When the dry flowers were used (250g. amounting to roughly 3,000 
flowers) they were first moistened with water, left for a few hours and then 
extracted with alcohol in the above manner. The yield in this case was 
10g.; it is therefore slightly less with dry flowers. 


Gossypin was readily soluble in water to a golden yellow solution; it 


was sparingly soluble in alcohol and pyridine and almost insoluble in ether, 
A4 
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acetone or ethyl acetate. It gave a dark olive green colour with alcoholic 
ferrric chloride and a brown precipitate separated out soon. In alcoholic 
solution a bright red precipitate was obtained with lead acetate. It dis- 
solved in aqueous alkali to a stable bright yellow solution. With alkaline 
buffer solutions, a yellow solution was obtained which changed to a pale 
pink during the course of 3 days. With p-benzoquinone in alcohol it did not 
produce any reddish brown colour or precipitate even after a long time. 


The acetate was prepared by boiling gossypin (0-5g.) with acetic 
anhydride (5 c.c.) and a few drops of pyridine for 2 hours. The white solid 
that separated out on pouring the reaction mixture into water was filtered 
and washed. It was readily soluble in alcohol or benzene to a brown solu- 
tion which did not deposit the acetate on cooling. On precipitation from 
benzene solution by the addition of petroleum ether it could be obtained 
as a colourless amorphous solid and all attempts at crystallising it were 
unsuccessful. It melted indefinitely round about 120°. 


Hydrolysis of the glucoside.—Gossypin (1g.) was hydrolysed by 
boiling with 7% sulphuric acid (30c.c.) for 2 hours. Bright golden yellow 
silky needles of the aglucone separated out during the course of the reaction. 
The mixture was then cooled, the aglucone filtered and washed and the 
filtrate preserved for the examination of the sugar. The yield of the aglucone 
was 0:5g. 


It was purified by crystallising from a mixture of ethyl acetate and 
benzene from which it separated out as bright yellow elongated rectangular 
prisms decomposing at 300-10°. It was sparingly soluble in water but 
it readily dissolved in alcohol, ether, acetone or ethyl acetate. In alkaline 
buffer solution (pH, 9-8) it formed a yellow solution which immediately 
changed to bright emerald green and then to pure blue; this gradually 
faded and finally a colourless solution was left. In alcoholic solution it 
gave a dark red precipitate with benzoquinone, an Olive brown colour with 
ferric chloride and a red precipitate with lead acetate. It was identical with 
gossypetin in all respects. 


A small quantity of the aglucone was acetylated with acetic anhydride 
and pyridine. The acetate was sparingly soluble in alcohol from which it 
crystallised in the form of rectangular prisms melting at 226-28°. The 
mix2d melting point with an authentic sample of gossypetin hexa-acetate 
was not depressed. 


By methylating the aglucone with dimethyl sulphate and potassium 
carbonate in anhydrous acetone medium the hexamethyl ether was obtained. 
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It was best crystallised from ethyl acetate from which it came out as colour- 


less narrow rectangular plates melting at 170-72°. The mixed melting point 
with gossypetin hexamethyl ether was not depressed. 


Coiouring Matter of the Flowers of Hibiscus vitifolius 


The acid filtrate containing the sugar was neutralised with barium 
carbonate, filtered and the filtrate concentrated to small bulk. The syrup 
was diluted with a little distilled water and filtered. The filtrate was treated 
with an excess of a mixture of phenylhydrazine hydrochloride, sodium 
acetate and acetic acid. Oa heating for about 30 minutes in a boiling water- 
bath the Osazone separated out as a yellow crystalline solid which had the 
characteristic crystal appearance of sheaves of needles resembling that of 
glucosazone. When crystallised from dilute alcohol it melted with de- 
composition at 205°. 


A quantitative estimation of the products of hydrolysis of gossypin from 
Hibiscus vitifolius yielded gossypetin (monohydrate) 63-3% and glucose 
334%. Similar results were obtained with the gossypin sample from 
Gossypium indicum also. 

Extraction: Second Stage (Gossypin).— 


The original alcoholic filtrate left after gossypin had been removed, 
was concentrated further in a large basin and the concentrate treated with 
excess Of water and filtered from waxy and resinous impurities. An equal 
volume of ether was added to the filtrate and the mixture kept in the ice- 
chest for a few days. A small quantity of a yellow solid separated out and 
it was filtered and washed. Yield, |g. Its properties indicated that it 
was gossypin. 


Tae filtrate was diluted with water and extracted with ether repeatedly. 
Oa distilling off the ether from the extract a viscous semi-solid residue was 
obtained. It did not crystallise. Keeping it in the ice-chest for a long time 
and other attempts at crystallisation using various solvents were not success- 
ful. However, it gave an Olive green colour with ferric chloride, a reddish 
brown precipitate with lead acetate and dissolved in aqueous alkali to a 
stable yellow solution. It seemed to contain a small amount of quercetin 
in a very impure condition. 
Extraction: Third Stage (Gossypin and Quercetin).— 


Tae mother-liquor left after extraction with ether was treated with 
excess of an aqueous solution of lead acetate when a good yield of a reddish 
brown precipitate was obtained. It was filtered, washed repeatedly with 
hot water and alcohol. The lead salt was suspended in hot water and de- 
composed by passing hydrogen sulphide. The lead sulphide was removed 
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by filtration and the dark red filtrate was concentrated to small bulk, treated 
with an equal volume of ether and kept in the ice-chest. A small quantity 
of a yellow crystalline solid separated out and it was filtered and washed 
with a little ether. It was found to be identical with gossypin. The filtrate 
was repeatedly extracted with ether and the combined ether extract was 
distilled to remove the solvent. The yellow crystalline solid residue was 
purified by crystallisation from aqueous alcohol twice. It separated out 
as yellow silky needles decomposing at about 300°. It was sparingly soluble 
in water but was readily soluble in alcohol, ether or acetone. In alcoholic 
solution it gave an Olive green colour with ferric chloride and a red precipi- 
tate with lead acetate. It dissolved in aqueous alkali to a yellow solution 
and the colour was fairly stable. It did not respond to the gossypetone 
reaction. 


The compound was acetylated using acetic anhydride and pyridine. 
The acetate was crystallised from a mixture of absolute alcohol and petroleum- 
ether from which it came out in the form of flat needles melting at 192-93°. 
The mixed melting point with an authentic sample of quercetin penta-acetate 
was not depressed. 


The filtrate from the neutral lead salt was treated with basic lead acetate. 
' As the precipitate was very small it was not further studied. 


SUMMARY 


The colouring matter of the flower petals of Hibiscus vitifolius con- 
sists almost entirely of gossypin along with very small amounts of quercetin. 
These petals form a very good source of this new and interesting glycoside 
and eventually of gossypetin also. 
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THE BITTER PRINCIPLE OF PHYLLANTAUS NIRURI 


By G. V. KRISHNAMURTI AND T. R. SESHADRI 
(From the Department of Chemistry, Andhra University) 


Received May 18, 1946 


DuRING the war there was serious shortage of the cinchona alkaloids owing 
to the loss of Java and the ever-increasing demand of antimalarials for the 
fighting forces. Since synthetics were not available for civilians, attention 
was directed to the use of other plant drugs which had enjoyed reputation 
for the cure of intermittent fevers. Phyllanthus niruri is one such. It is 
also considered to have a wider therapeutic application, for example a 
decoction of the leaves administered orally cures jaundice. The plant is 
an annual herb found as a weed all over India and all its parts and parti- 
cularly the leaves are markedly bitter. 


As early as 1891 it was reported that Ottow? isolated the toxic bitter 
principle of Phyllanthus niruri in a crystalline condition, and gave it the 
name ‘ phyllanthin’ and the formula C,,H3,0,; but no details were avail- 
able. Later Peckolt® recorded that he could obtain it only in an 
amorphous form and in a yield of 0-05%. From his description of its pro- 
perties it is clear that it was impure. In the course of the work described 
in this paper successful attempts have been made to isolate phyllanthin in 
good yield and in a pure condition and study some of its important properties. 
Incidentally some other components of the drug have also been examined 
and their properties are described. 


The dried leaves were employed for the extraction. Cold chloroform 
or hot ligroin cou!d successfully extract the bitter principle. The first solvent 
was preferable. The concentrated extract contained also large amounts of 
wax and chlorophyll. The former was mostly left behind when the extract 
was taken up with a limited amount of alcohol. The alcoholic solution 
contained all the bitter component and a semi-solid product was obtained 
on removing the solvent. By treatment with petroleum-ether it could be 
separated into two fractions. (1) The sparingly soluble fraction was not 
bitter and it yielded after repeated crystallisation a colourless crystalline 
solid melting at 129-30°. Since it has considerable resemblance to 
phyllanthin in its chemical properties it is named hypophyllanthin. Hypo- 
phyllanthin and its bromoderivative are both stable to alkali, cold and hot. 
(2) The more soluble fraction contained the bitter principle along with 
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considerable amount of chlorophyll. Attempts to remove the colouring 
matter by chromatographic adsorption were not successful. Methods of 
fractional precipitation and crystallisation from solvents gave very poor 
yields and entailed considerable loss of phyllanthin. But separation could 
finally be achieved by treatment with alcoholic potash and this method is 
suited for the purification of larger quantities. Phyllanthin was thus 
obtained as a colourless crystalline substance melting at 97-98°. Its taste 
is extremely bitter and it is toxic to fish and frogs. It contains no nitrogen 
or halogen, has the approximate molecular formula C,,H,,O, and contains 
methoxyl and methylenedioxy groups. Five methoxy groups seem to be 
present in the molecule. It is stable to treatment with alkali and to oxida- 
tion with neutral permanganate. Dzmethylation with hydriodic acid was 


Dried leaves (2:0 kg.) 
Chloroform in the cold, thrice 
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unsuccessful leading to resinous products. By the action of concentrated 
hydrochloric acid at 125° a phenolic substance was formed. But it has not 
yet been obtained in a pure condition. Phyllanthin yields a monobromo 
derivative which is also stable to alkali. The properties of phyllanthin 
and its composition suggest that it should be aromatic. The above 
diagram explains the stages in the isolation of phyllanthin and hypo- 
phyllanthin. 

EXPERIMENTAL 


Fresh leaves were collected from the garden areas of Madras during 
the wet part of the year 1945, dried in air and powdered. 100-0 grams of 
the dried leaf powder were successively extracted in a Soxhlet with petroleum 
ether (80-100°), chloroform, acetone and alcohol using 6 hours of extraction 
for each solvent. Details of the various fractions are given below: 





{ 
Solvent \Yield of extract Nature of the product 





Petroleum ether .. 7% Dark green solid, waxy in consistency and bitter to taste. 
Mainly chlorophyll and wax along with the bitter principle. 


Chloroform ee 3% Green and waxy. Not bitter. Mostly chlorophyll and wax 
along with non-bitter materials. 

Acetone oo 2% Dark-brown and resinous ; contained mostly resin. 

Alcohol aa 3% Reddish-brown and astringent to taste. Mostly tannin with 








inorganic material. 





Isolation of the various fractions.— 


The dry leaf powder (2-0 kg.) was extracted with chloroform thrice in 
the cold soaking each time for 24 hours. The major bulk of the solvent was 
recovered by ordinary distillation, the last portions being removed under 
reduced pressure. The residue (200 -0g.) was semi-solid in consistency and 
dark green in colour with a faint aromatic odour. To separate the wax, the 
residue was taken up with warm alcohol (500 c.c.) and allowed to stand in 
the cold for a day. It was then filtered and the solid waxy matter washed 
with a little alcohol. The filtrate was concentrated to about half the volume 
when some more of the wax separated. It was collected as before. The 
combined solid (100-0g.) was crystallised from benzene-alcohol mixture 
twice when a colourless crystalline wax melting at 80° was obtained. This 
was marked (A); yield, 88-0g. 


The alcoholic solution was distilled to recover most of the solvent. The 
last traces were removed under reduced pressure and a dark green waxy 
solid was obtained. The material was then taken up with petroleum ether 
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(300 c.c.) and allowed to stand overnight in the refrigerator when a crystalline 
material was deposited. It was filtered and washed with a little petroleum 
ether when it became colourless. The petroleum ether solution was then 
concentrated to half its volume when a little more of the same crystalline 
solid separated out. It crystallised from alcohol as shining rectangular 
plates and prisms melting at 129-30°. This fraction (B) is named hypo- 
phyllanthin; yield, 1-0g. 


The petroleum ether solution was then distilled to recover the solvent. 
The dark green residue was taken up with alcohol and the colouring matter 
eliminated to a great extent by fractional precipitation with water. After 
filtration the aqueous alcoholic solution was distilled under reduced pressure 
and the solvent completely removed. The green residue was then dried 
over concentrated sulphuric acid in vacuo. It was taken up in ether- 
petroleum ether mixture (1:10) using the minimum volume and allowed to 
crystallise when a small quantity of a crystalline solid separated out. This 
was collected and washed with a little petroleum ether. When crystallised 
again from this solvent it came out as colourless narrow rectangular plates 
and prisms melting at 97-98°; yield, 0-05g. It was bitter to taste. This 
substance (C) was given the original name, phyllanthin. 


The mother-liquor was still intensely bitter and crystallisations using 
various solvents were unsuccessful as the bitter principle had presumably the 
same solubility as chlorophyll. Attempts at the elimination of chlorophyll 
were made using chromatographic adsorption on anhydrous alumina. 
Initially a petroleum ether solution was employed and the chromatogram 
developed with benzene-petrol mixture (1:8). Two coloured zones were 
formed, a lower orange-yellow layer, the colour being due to carotenoids 
and an upper greenish layer containing chlorophyll and other substances. 
The column was washed with the solvent mixture (benzene-petroleum ether, 
1: 6) and the washings collected in stages and examined. No substance was 
found in the colourless solution. Even when the orange-yellow zone was 
washed down there was no bitterness. But it was present in the chlorophyll 
layer and its extract contained all the bitter principle. Therefore the green 
extract was distilled and the solvent removed. The residue was dissolved 
in light petroleum and again subjected to chromatographic adsorption over 
a bigger column of anhydrous alumina, developed and eluted as before but 
a separation of chlorophyll and the bitter principle was not possible. 


Recourse was then taken to eliminate chlorophyll by subjecting it to 
treatment with alkali. The solid residue containing the bitter principle and 
chlorophyll was dissolved in alcohol and after adding sufficient potash to make 
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it 1:4% (N/4), the alcoholic solution was refluxed for half an hour. The 
solvent was then removed and water added, whereby a pale yellow solid 
separated out. This was collected, washed with water and dried. The 
dried material was crystallised from ether-petroleum ether mixture (1: 10) 
when a white crystalline bitter solid was obtained, identical with the above 
sample of phyllanthin; yield, 5-5g. When the mother-liquor was evapo- 
rated, a brown viscous semi-solid appearing yellow in thin layers was left. 
It was equally bitter. On allowing to stand for several days, it underwent 
partial crystallisation. It was filtered after thinning with some ether. The 
process was repeated and about 1-5g. more of phyllanthin obtained ina 
crystalline condition. The total yield of phyllanthin was 0-4% of the dry 
leaves. 


Fraction A (Wax).—It was a colourless amorphous solid melting at 
80°, and had acid No. 17 and saponification No. 92. It was saponified by 
boiling with 8% alcoholic potash and benzene. The unsaponifiable matter 
was separated into two fractions by means of cold petroleum ether. The 
less soluble portion after repeated crystallisation from  ether-acetone 
mixture melted at 87°, and formed an acetate which crystallised from 
alcohol as colourless needles and melted at 72° This fraction agreed 
with the description of myricyl alcohol which was shown by Chibnal et al 
to be a mixture of the composition 40% C9, 40% Cs. and 20% Cg, alcohols. 
The fraction more soluble in petroleum ether consisted of a small quantity 
of paraffin hydrocarbons which after purification by boiling with amyl 
alcoholic hydrochloric acid and by treatment with concentrated sulphuric 
acid at 130° melted at 59° (Found: C, 85-0; H, 14:9%). The melting point 
corresponded to an average chain length® of C,,., and hence this fraction 
should consist mainly of C,, hydrocarbon and its near homologues. The 
fatty acid portion melted at 84° after crystallisation from alcohol. Its 
mean molecular weight as determined by titration with N/10 alkali was 
408-1. This corresponded to an average chain-length of C,, for the mixture 
and it should consist mainly of Cy. and Cy, acids and their near homologues. 
It could therefore be concluded that the wax consisted mostly of esters 
(about 85%) of the loag-chain fatty acids and alcohols mentioned above, 
minor quantities of free fatty acids (about 10%) and still smaller quantities 
of hydrocarbons (about 5%). 


Fraction B (Hypophyllanthin).—It was a snow-white solid crystallising 
as rectangular plates and prisms and melting at 129-30°. It was tasteless 
and soluble in ether, benzene, chloroform and alcohol and insoluble in dilute 
acid or alkali. It gave no colouration with aqueous or alcoholic. ferric 
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chloride. It did not respond to Mbolisch test for carbohydrates and to 
Libermann-Burchard reaction for sterols. Nitrogen, halogens or sulphur 
were not present in it. No colour was produced when an alcoholic solution 
of hypophyllanthin was treated with magnesium and hydrochloric acid. It 
was recovered unchanged after boiling with 7% alcoholic sulphuric acid 
for 6 hours. It did not form any derivative with 2: 4-dinitro-phenylhydra- 
zine or semi-carbazide. With concentrated sulphuric acid and a little gallic 
acid it gave an emerald green colour on warming and thus indicated the 
presence of a methylene-dioxy group. [Found: C, 65-6; H, 6-4 and OCH;, 
35-2%; CigH220, requires C, 65-9; H, 6-4 and OCH,(4), 35-8%.] 


The substance (0-5 g.) was boiled under reflux with 25c.c. of absolute 
alcoholic potash (10%) for 7 hours. The solvent was later removed and 
water added when a solid was precipitated. It was filtered, washed free of 
alkali and crystallised from alcohol when it was found to be identical with 
hypophy!lanthin. 


Bromo-derivative—When treated with bromine under conditions de- 
scribed for phyllanthin, hypophyllanthin yielded a bromo-derivative which 
crystallises from alcohol as narrow rectangular plates and prisms melting 
at 112-13°. 


Substance C (Phyllanthin).—It was a colourless shining solid crystallising 
in narrow rectangular plates and prisms and melting at 97-98°. It 
had a marked bitter taste; it was soluble in ether, chloroform, benzene 
and alcohol, sparingly soluble in light petroleum and almost insoluble 
in dilute acid or alkali. No colour was produced on adding to its alcoholic 
solution ferric chloride or magnesium and hydrochloric acid. The substance 
dissolved in strong sulphuric acid producing an orange-red colour which 
changed to purple and was not thrown out on dilution. It did not contain 
nitrogen, sulphur or halogen. It did not give the test for sterols with the 
Libermann-Burchard reagent and for carbohydrates by the Molisch reaction. 
It was recovered unchanged after boiling with aqueous alcoholic sulphuric 
acid (7°) for 6 hours. No derivative was obtained with either phenyl- 
hydrazine or semi-carbazide. It was resistent to oxidation with neutral 
permanganate in acetone or with aqueous permanganate in alkaline medium. 
Like hypophyllanthin it gave an emerald green colour On warming with 
concentrated sulphuric acid and a little gallic acid and thus indicated the 
presence of a methylene-dioxy group. [Found: C, 66-0; H, 5-6; OCHe, 
39-6% and molecular weight, 384 (Rast’s micro-method) and 380 (depression 
of freezing point using benzene); C,,H..O, requires C, 65-4; H, 5:7; 
OCH; (5), 40:2% and molecular weight 386.] 
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It was toxic to fish. In an aqueous solution containing 50 parts per 
million fresh water fish, Haplochilus malarica (about 1” in length and 1-0g. 
in weight) showed symptoms of toxicity and lost equilibrium in 10 minutes. 
It was also toxic to frogs. Frogs weighing about 35-0 g. were employed for 
the purpose. By injecting into each about 0-1 c.c. of an aqueous alcoholic 
solution containing phyllanthin sufficient to produce a concentration of 100 
parts per million body weight, they showed an apparent difficulty to pre- 
serve equilibrium in water and got overturned in 30 minutes. Further they 
turned pale and got depigmented in an hour ard they regained the colour 
only after 20 hours. 


Bromo-derivative-—O-5 g. of the substance was dissolved in chloroform 
(10c.c.) and a solution of bromine in chloroform (4%) added little by little 
till the colour of bromine persisted even after five minutes. The reaction 
was attended with a copious evolution of hydrogen bromide gas. After 
half an hour the chloroform solution was allowed to evaporate in an open 
porcelain basin at the laboratory temperature. The residue was crystallised 
from alcohol when it came out as narrow rectangular plates and prisms 
melting at 139-40°. (Found: Br, 18-1%; (C,,H.,O,Br requires Br, 
17-2%.) 


0:5g. of phyllanthin was boiled with acetic anhydride (5Sc.c.) and 
hydriodic acid (5c.c.) for 30 minutes. The mixture was cooled and aqueous 
sulphur dioxide added. A resinous material was precipitated and it could 
not be crystallised. 


Phyllanthin was boiled with absolute alcoholic potash and also with 
50% aqueous potash for 6 hours. It did not undergo fission and was 
recovered unchanged. 


Demethylenation of phyllanthin was attempted as follows: 0:5. of 
phyllanthin, 1-0g. of resorcinol and 7c.c. of concentrated hydrochloric 
acid were placed in a sealed tube and heated in a bomb furnace for an 
hour at 125°. The mixture containing some resin and a red coloured liquid 
was diluted with water and filtered. The insoluble substance was extracted 
with hot water several times. The combined filtrate was extracted with 
ether and the ether solution evaporated. The residue was taken up in water 
and treated with a solution of lead acetate and the lead salt filtered. It was 
decomposed with dilute hydrochloric acid and filtered. The filtrate was 
extracted with ether. When the solvent was removed a brown oily sub- 
stance was obtained. It could not be crystallised. It gave a green coloura- 
tion with a solution of ferric chloride. 
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SUMMARY 


Phyllanthin, the bitter principle of the leaves of Phyllanthus nirtri has 
been isolated in a crystalline condition and in good yield. It melts at 
97-98", has the molecular formula C.,H.,O, and contains methoxyl and 
methylene-dioxy groups. Its important properties are described. A related 
crystalline substance, hypophyllanthin, which is not bitter, has also been 
isolated in a small yie’'d. The leaves contain about 5% of wax which 
consists mostly of esters. 
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Derris scandens is a climbing shrub occurring in Eastern Himalayas, 
Bengal, the Central Provinces and Madras Presidency. It belongs to the 
sub-section Brachypterum of the genus Derris, to which D. robusta also 
belongs. It is distributed also in Ceylon, Siam, Australia and other warmer 
areas. The Ceylonese plant was reported to be of no insecticidal value, as it 
did not yield any ether extract.? 


Krishna and Ghose,? while making a survey of the rotenone-containing 
plant insecticides of India, examined the roots of D. scandens obtained from 
Chanda District (Central Provinces) and reported that they contained no 
totenone. However, they mentioned that two crystalline substances, one 
melting at 185° and the other at 225°, were obtained from the ether extract. 
Our attention was drawn to this and as we had isolated from certain 
Tephrosia species compounds having similar melting points, we arranged 
to procure samples of D. scandens root from the Chanda District with a view 
to examine them. Due to war conditions and the shifting of the Andhra 
University from Waltair, the progress of work was very slow. Meanwhile 
the publication of Clark* on ‘Scandenin—a constituent of D. scandens’ 
reached us towards the middle of the year 1944. 


Clark examined D. scandens cultivated in a nursery at St. Petersburg, 
U.S.A., primarily to know whether it contained rotenone or not. By 
exhaustive extraction of the roots with ether, he obtained a mixture of 
crystalline substances none of which was identical with rotenone.* The 
main component was a new compound melting at 231° and having the 
molecular formula, C.,H,,O,. It was designated by him ‘Scandenin’. 
A second substance which was also in appreciable amounts and gave little 
trouble in separation was lonchocarpic acid, previously found in Loncho- 
carpus species by Jones.‘ Clark identified it by comparison with an authentic 
sample of lonchocarpic acid. The sample obtained from D. scandens 
sintered between 200° ard 205° and melted at 223°. A third substance 
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melting at 190° was obtained only in small quantities ard that too after elabo- 
rate purification. It was considered to be robustic acid® mainly from its 
behaviour in the Durham test. 


Though D. scandens grows in several parts of India, the root samples 
were obtained from the South Chanda Division of the Central Provinces 
for the reason already mentioned and a detailed examination was carried 
out. During the earlier part of this investigation, the roots were first 
exhausted with ether and then with chloroform. By concentrating the 
extracts in stages several fractions were obtained and studied in detail. It 
was easy to get a definite top fraction melting at 228-31° and this seemed to 
be a definite chemical entity. This was designated D.S.I. Other fractions 
had indefinite melting points, and their behaviour indicated that they were 
composed of more than one entity. In order to obtain information useful 
for guiding the separation of the individual substances, chromatographic 
adsorption analysis was done using a small quantity of one of the 
fractions. A'umina was used as the adsorbent and benzene as the solvent. 
For elution chloroform-benzene mixture was employed and the various 
fractions were crystallised from benzene or alcohol. As a result of this 
study, it was clear that an individuai substance melting at 217-18° was 
present. Tnis was marked D.S.II. Since yields suffered markedly in the 
adsorption analysis, methods of fractional crystallisation were explored 
for getting this substance in quantity and they were successful. 


In later experiments the root powder was directly extracted with chluro- 
form, ether being omitted. By this means all the extractives were obtained 
in one lot (7:0% yield) and the experimental work and Joss of solvents 
minimised. Tne extract was separated into fractions using first ether and 
subsequently other solvents. Here again it was comparatively easy to sepa- 
rate D.S. L melting at 228-31° by virtue of its sparing solubility and its 
being the main crystalline component of the roots. D.S. If could also be 
obtained as the result of fractional crystallisation. Certain of the fractions 
consisted of mixtures which were difficult to separate by this procedure. 
They could, however, be dealt with by means of acetylation and fractional 
crystallisation of the acetyl derivatives. The sharp melting acetates were 
then hydrolysed. By this means a third compound melting at 196° was 
isolated and this was marked D.S.III. Thus the presence of three crystalline 
entities in the root could be established. 


D.S.I exhibited a marked tendency to crystallise and came out as 
colourless stout rectangular prisms and rods. When crystallised from ordi- 
nary organic solvents its melting point was only 230-31° but it could be 
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obtained purer with a higher melting point, 233-34° by conversion into its 
potassium salt and regeneration. The substance behaved as a weak acid 
and formed a sparingly soluble potassium salt which readily separated from 
the potash solution as silky crystals. 
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It was found to be non-rotenoid in character according to the Durham 
test and it gave no ferric chloride colour, though soluble in alkali. It did 
not reduce Fehling’s solution nor did it respond to the magnesium-hydro- 
chloric acid reduction test of flavornes or the colour reactions of resinols 
and sterols. The characteristic blue colour given by the methylene-dioxy 
group was not obtained when the substance was warmed with gallic acid 
and concentrated sulphuric acid. Thus it could not be placed under “y 
known group of compounds. 


It had the molecular formula C,,H.,0O, and formed a diacetate melting 
at 160-61°. O» methylation it gave a dimethyl ether melting at 128-29°. 
By a comparison with the data reported by Clark,? it could be identified as 
scandenin. 


D.S. II had a crystal structure similar to that of scandenin and was 
soluble in alkali. Further, it did not give any colour with ferric chloride 
and did not respond to the Durham test. Like scandenin it contained one 
methoxyl; but it definitely differed from scandenin in being more soluble 
in alcohol, and in not yielding a sparingly soluble potassium salt. Its melting 
point was 217-18° and this was considerably depressed by admixture with 
scandenin. Tne composition too was different and agreed with the formula, 
C,,H,0;. O. acetylation it gave a diacetate melting at 153-54° and on 
methylation a monomethyl ether melting at 116-17°. Its possible identity 
with lonchocarpic acid was examined in view of the findings of Clark relating 
to the American sample of D. scandens. For comparison an authentic sample 
of this acid was obtained from the Bureau of Eitomology and Plant Qua- 
rantine, Washington, D.C. Besides the difference noted in Table I, the 
mixed melting point with loachocarpic acid was depressed. Though the 
acetates had the same melting points, the mixture melted lower. Thus 
DS. Il seemed to be a new substance and was named ‘ Nallanin’ derived 
from the local name of the plant ‘ Nalla thiga’. 


D.S. III resembled D.S. 11 (nallanin) closely in several properties, but 
its melting point was lower (202°) and mixed melting points with scandenin 
and nallanin and also lonchocarpic acid were further lowered. Again in 
view of the suggestion of Ciark that robustic acid is probably present in the 
American sample of D. scandens, D S. Ill was compared closely with robustic 
acid obtained in a pure condition from D. robusta. The two were found to 
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be different. Consequently D.S.III is also considered to be a new entity 
and named ‘ Chandanin’ derived from ‘Chanda District’ wherefrom the 
plant material was obtained. Chandanin melted at 201-2°, contained three 
methoxyls and had the molecular formula C.9H,,O,. It formed a tetra- 
acetate and a tetramethyl ether, thereby indicating the presence of four 
phenolic hydroxyl groups. It seemed to be extraordinary in several respects. 
Table I brings out briefly the salient features of the compounds mentioned 
in the above paras: 

















TABLE [ 
| | 
* . Mol 1 
Substance Melting point | ets Acetate m.p. — Remarks 

Scandenin (DS. I) 233-4° CogHeg0g 160-1° 128-9° | Present data 

Do | >) ns a 150° 129° Clark’s data 
D. S. Il ee] 217-8° CygH2605 153-4° 116-7° Present data 
Lonchocarpic acid | 221° (202°) | CagHogO, 153-4° 154-5° rs 
B.S. HE a 201-2° Ce9Hg907 137-8° 154-5° ot 
Robustic acid ool 205-6° Ca2H a0 196-7° 193-4° + 

Do +e 190° Co7H2408 —_ 190° | Harper’s data 











It is evident from the table that of the three components isolated from the 
D. scandens root, scandenin is the only one previously reported in the lite- 
rature, whereas the other two appear to be new substances. Thus these 
roots do not contain any lonchocarpic acid or robustic acid. 


As none of the compounds isolated responded to the rotenoid colour 
reaction (Durham test), it may safely be concluded that even the Indian 
sample of D. scandens does not possess rotenone or allied substances. The 
chief chemical component is scandenin, as in the case of the American sample, 
but the yields in the present case are far higher (1-5% compared to 0-5%). 
Nallanin and chandanin are present only in minor amounts and hence 
detailed work on these could not be carried out. 


EXPERIMENTAL 


The air-dried thick roots of D. scandens were made into thin shavings 
and extracted in two batches of 1,000 g. each. 


1st batch.—It was extracted with ether (7-5 litres) by cold percolation 
and the extract was concentrated to small volume (300 c.c.); during the course 
of this concentration a crystalline solid began to separate. The mixture was 
set aside for a few days and the solid, fraction A (10-7 g.) was then filtered 
off. The mother-liquor on concentration to 150 c.c. yielded fraction B 
(3:5g.). By further concentration fraction C (1-:5g.) was obtained. 
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The dried marc obtained after ether extraction was extracted in the cold 
with chloroform. The extract, after complete removal of the solvent and 
addition of ether (50c.c.), gave fraction D(1-0g.). 


Fraction A.—It had a fairly sharp melting point, 225-8°, and was soluble 
in most of the organic solvents with the exception of ether and petroleum 
ether, in which it was sparingly soluble. It (9-0g.) was crystallised from 
acetone and the following four fractions were collected: fraction (i) 2-5g., 
m.p. 227-8°; (ii) 4-0g., mp. 228-31°; (iii) 1-0g., mp. 225-8°; and 
(iv) 0-75 g., m.p. 225-7°. All the fractions had the same crystal structure, 
rectangular prisms and rods, and they seemed to contain only one substance 
except for the presence of a small impurity in the last fractions. The sub- 
stance melting at 228-31° is henceforward designated as D.S. I. 


Fraction B.—This had an indefinite melting point, softening at 184° and 
melting clear at 208°. It was boiled with benzene (140 c.c.) and the sparingly 
soluble residue (B) collected on a filter. This had a melting point of 227° 
(sintering at 220°), which was undepressed by admixture with the pure pro- 
duct obtained from fraction A. 


The benzene mother-liquor on cooling deposited a solid (B,) melting 
at 185-206°. This was crystallised with the samples, having the same melting 
point range, obtained from the 2nd batch. 


Fraction C.—This also had an indefinite melting point, 165-82°. On 
crystallisation from acetone and removal of the gelatinous impurities that 
separated in the beginning, a crystalline solid (C,), m.p. 205-18°, was obtained. 
The filtrate on concentration yielded a product (C3), m.p. 185-206°, identical 
with B,. Tiaese were put together. By further concentration, fraction C,, 
m.p. 165-80° was obtained; this seemed to have the same composition 
as the original fraction C, m.p. 165-82°. It was therefore considered better 
to apply the technique of chromatography to resolve this mixture. A pilot 
experiment was conducted starting with 170mg. of the substance using 
alumina as adsorbent and benzene as solvent. The development and 
elution were carried out with chloroform-benzene mixture, the proportion 
of chloroform being increased in the later elutions. The final elution was 
catried out with alcohol. Szveral fractions were collected and the products 
were obtained by evaporation of the solvents and final crystallisation from 
benzene or alcohol. The results are tabulated below: 


The above results indicated the presence in the mixture of a substance 


melting above 225°, another melting at 217-18° and possibly a third melting 
AS 
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TABLE II 
‘ ma 
Fraction No. Solvent be yr ty oo te | Remarks 
I ..| Benzene mother-liquor Nil 7} 
II & III} Benzene-chloroform (6:1), 20c.c ar i Only development 
IV&V ” (3:1), 4s ” 
VI mi (2:1), és 176° Sintering earlier 
VII (1:3), ale 217-18° Mixed m.p. with I°.S. 
I depressed (195- 
220°); seemed to be 
a single component 
VIll .| Chloroform 20 c.c 187-225° } 
Ix es 35 ,, 188-220° || Appeared to be mix- 
x a a 40,, = t| tures of D.S. 1 and 
XI .| Chloroform-ethyl alcohol (1:3), 10,, »» || fraction VIII 
XII .| Ethyl alcohol 30 ,, 195-215° J 











above 180°. This suggested that the fraction C, may. be an impure form of 
the substance melting at 217-18° and not of D.S. I as it was originally consi- 
dered to be. Therefore C, was recrystallised from alcohol, when a crystalline 
substance melting at 214-18° was obtained (mixed melting point with D.S.I 
from fraction A was depressed). This is henceforward designated as 
DS. Il. 


Fraction D.—This has a melting point range of 210-18°. On recrystalli- 
sation from acetone, the following fractions were obtained: (i) melting at 
228-9°, mixed melting point with D.S. I undepressed, (ii) melting at 223-9°, 
undepressed by D.S. I. No other substance was obtained from this 
fraction. 


2nd batch.—The second batch was directly extracted with chloroform 
as this proved to be a better solvent than ether. The material was exhaust- 
ively extracted with this solvent (7-5 litres) which was recovered by distillation. 
The last traces of the solvent were removed by evaporation, at the labo- 
ratory temperature, in an open basin. The brown, viscous, semi-solid residue 
(70 g.) was taken in ether (300 c.c.) and set aside fora few days. Immediately 
after the addition of ether, a colourless crystalline solid began to separate. 
The solid (fraction A, 16-5 g.) was collected on a filter and washed with a 
small amount of ether. The ether solution on concentration (150c.c.) 
yielded fraction B (2-4g.). A further fraction C (1-3 g.) was obtained by 
concentrating the mother-liquor. 


Fraction A.—Though it was uniformly crystalline, it melted at 218-25° 
and was therefore fractionated from acetone. 
collected : 


The following fractions were 
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Fraction No. Yield Melting Point 
(i) Acetone 8-7 ¢g 227-9° 
(ii) 3-7 227-9° 
(slight sintering earlier) 
a 1-5 g 225-7° 
"v Methyl alcohol + acetone 10g 185-220° 
(v) ‘“ 1-0 175-92° 





Fraction (i) was crystallised from methyl alcohol-chloroform mixture 
and the following crops collected by gradual removal of solvents. 


Crop A: 5:2g., m.p. 228-31° 
Crop B: 3-0g., m.p. 228-31° 
The crops thus obtained were identical with D.S. I from the Ist batch. 


Fractions (ii) and (iii) were considered to be slightly impure forms of 
D.S.I, as they had melting point ranges above 225°. 


Fraction (iv) was mixed with fraction B, as it had the same melting point 
range as the latter. 


Fraction (v) had nearly the same melting point range as fraction C and 
therefore was examined along with it. 


Fraction B—This had a melting point range of 185-218°. As 
attempts to fractionate the mixture by making use of solvents were not 
successful, it was acetylated with acetic anhydride and sodium acetate. The 
crude acetate obtained was crystallised from acetic acid, when two major 
fractions were collected. Ou.e of them melted at 138-40° and another at 
125-30°. They were deacetylated with N/2 alcoholic potash, when from the 
former a product melting at 196-97° and from the latter a product of in- 
definite melting point, 190-224°, were obtained. The second product, which 
appzared to be a mixture could be resolved into two fractions, the major one 
melting at about 224°, identical with D.S.I and the other at 196-97°. The 
results are represented below: 


Fraction B (m.p. 185-218°) 





Acetylation 
ig oe 
Acetate (i) m.p. 138-40° Acetate (ii) m.p. 125-30° 
Deacetylation | Deacetylation 
Product I, m.p. 196-97° Product II, m.p. 190-224° 
(D.S. U1) | 





| | 
D.S. I, m.p. 224-28° D.S. Ill, m.p. 196-97° 
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Fraction C.—This also had an indefinite melting point, 170-210° and 
therefore was first purified by boiling with petroleum ether to remove any 
fatty matter present. Later it was washed with ether, crystallised from alco- 
hol and the following fractions collected: Fraction (i) m.p. 195-210° 
(ii) m.p. 212-15° and (iii) m.p. 175-200°. Of these only fraction (ii) had a 
fairly sharp melting point. Its mixed melting point with D.S. II (mp. 
214-18°) was not depressed. . 


Thus D. scandens obtained from the Central Provinces yielded three 
substances D.S. [, m.p. 228-31°, D.S.II, m.p. 214-18° and D.S. III, mop. 
about 196°. The various fractions collected from the extracts may have 
the following probable composition : 


Fraction A: Mostly D.S.I 
B: DS. 14+ DS. III 
- C: DS. II + the other two substances. 


D.S.I: (Scandenin).—It crystallised as colourless rectangular prisms 
and rods and exhibited a play of colours when viewed at different angles. 
Attempts to raise the melting point through crystallisation from solvents 
were not successful. It was readily soluble in chloroform, hot acetone and 
hot alcohol, less soluble in benzene, ether and petroleum ether. Though 
jt was insoluble in water, it was found to be soluble in hot aqueous potash 
from which the sparingly soluble potassium salt readily separated on cooling 
as silky white crystals. On saturating the alkali solution with carbon dioxide 
the original substance was reprecipitated. After recrystallisation with alco- 
hol it now melted at 233-34°. 


The substance dissolved in concentrated sulphuric acid forming an 
intense orange-red solution without any visible fluorescence. In the Durham 
test, it did not give the rotenoid colour changes but was found to give an 
yellow solution with concentrated nitric acid which changed to orange-red 
on the addition of concentrated ammonia. The substance did not give any 
definite ferric chloride colouration, only an orange colour being observed. 
Fehling’s solution was not reduced by it. It did not respond to either the 
magnesium-hydrochloric acid test of flavones or the colour reactions of 
resinols and sterols. When a speck of the substance was treated with gallic 
acid and concentrated sulphuric acid and gently heated, no blue colour was 
produced, thereby indicating the absence of methylene-dioxy grouping in 
the molecule. (Found: C, 71-7; H, 5-9; — OCH, 7:3; CogH2gO, requires 
C, 71:8; H, 6-0; — OCHs, 7-:2%.) 


Diacetate——D.S.1I (0:2g.) was treated with acetic anhydride (3 c.c.) 
and sodium acetate (0-5 g.) and gently refluxed for 3 hours in an oil-bath 
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at 140°. It was then poured into cold water, when a colourless crystalline 
solid began to separate. It was filtered, washed with plenty of water and 
recrystallised from ethyl acetate-petroleum ether (rectangular plates). The 
acetate melted at 160-61°. (Found: C, 69-1; H, 6-0; C,,H,,O, requires 
C, 69:5; H, 5-8%.) 


Dimethyl ether.—The substance (1-0 g.) in anhydrous acetone solution 
(75c.c.) was treated with dimethyl sulphate (5 c.c.) and anhydrous potassium 
carbonate (12 g.) and refluxed on a water-bath for 36 hours. Then the solu- 
tion was filtered from the carbonate, which was washed with sufficient 
quantity of dry acetone and the combined acetone solution was distilled 
to remove as much of the solvent as possible. Water was added to the 
residue and the solid product was filtered and air-dried (0-85g.). The 
methyl ether crystallised from alcohol as long rectangular plates and needles 
and melted at 128-9°. (Found: C, 72-3; H, 6-6; — OCH,, 19-7; C,,H,,0, 
requires C, 72-7; H, 6-5; — OCH, 20-1%.) 


D.S. II (Nallanin).—On further crystallisation from alcohol, the melting 
point became sharper, 217-18°. Under the microscope its crystal structure 
was similar to that of scandenin (rectangular prisms and rods); but the 
mixed melting point with scandenin was depressed. It was compared with 
the sample of lonchocarpic acid obtained from Dr. Jones but was again 
found to be different as was evidenced by the mixed melting point and also 
the properties of its derivatives. It was more easily soluble in alcohol than 
scandenin. In its solubility in aqueous potash it resembled scandenin, 
though there was no quick separation of the potassium salt. In the Durham 
test, it also did not give the rotenoid colour changes, the change being from 
yellow to brick red. With concentrated sulphuric acid it formed an intense 
red solution without any visible fluorescence. There was no definite phenolic 
colour reaction with ferric chloride. (Found: C, 74-6; H, 6-5; — OCH,, 
7:8; CsgH2,0, requires C, 74-6; H, 6-2; — OCHs, 7°4%.) 

Diacetate—On acetylation with acetic anhydride and sodium acetate it 
gave a diacetate, m.p. 153-4°, which crystallised as rectangular rods from ethyl 
acetate; the mixed m.p. with the acetate of lonchocarpic acid was depressed. 
(Found: C, 71-4; H, 6-3; C,,H,,O, requires C, 71:7; H, 6:0%.) 

Monomethyl ether.—The substance was methylated with methyl sulphate 
and potassium carbonate in anhydrous acetone medium by refluxing for 
30 hours. The product crystallised from alcohol as long rectangular prisms 
and its melting point was 116-17°. (Found: C, 75-2; H, 6-6; — OCH,, 
13-8; C.,H.,0, requires C, 75:0; H, 6-5; — OCHs, 14-3%.) 

D.S. IIT (Chandanin).—Oa repeated crystallisation from alcohol its 
melting point rose to 201-2°. It resembled D.S. II very closely in all the 
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colour reactions but its mixed melting points with D.S.II and also with 
lonchocarpic acid were appreciably depressed. (Found: C, 71:2; H, 6-2; 
— OCH,,. 18-6; Molecular weight (Rast): 465. Cy9H 90, requires C, 71-0; 
H, 6-1; — OCHs, 19:0%: Mol. weight, 490.) 


In the Durham test, the colour change was from yellow to brick red. 
It was soluble in alkali, though no definite phenolic colouration was obtained 
with ferric chloride. 


Tetra-acetate-—Chandanin was acetylated with acetic anhydride and 
sodium acetate and the crude product was crystallised from ethyl acetate- 
petroleum ether mixture. The acetate melted at 137-38° and appeared 
under the microscope as rectangular rods. (Found: C, 66-9; H, 5-5; 
Cy,HggO,1 requires C, 67-4; H, 5-8%.) 

Tetra-methyl ether —The methyl ether was prepared as in the case of 
D.S.I and D.S.II. It appeared under the microscope as rhombic prisms 
and melted at 154-55°; the mixed melting point with the methyl ether of 
lonchocarpic acid was depressed. (Found: C, 72-8; H, 6-7; C,,H,,9, 
requires C, 72-5; H, 6:9%). 

Our thanks are due to the Forest Officer, South Canada Division of 
the Central Provinces, for the supp'y of root samples and to Dr. Jores 
for the sample of lonchccarpic acid. 


SUMMARY 


The roots of Derris scandens obtained from the Central Provinces of 
India have now been investigated in detail. From the chloroform extractives 
(7-0°%). three crystalline substances could be isolated and characterised. 
There is no rotenone. The major component is scandenin, as in the case 
of the American sample examined by Clark; but the yield is much higher. 
The other two substances appear to be new compounds and are therefore 
named ‘Nallanin’ and ‘Chandanin’. Lonchocarpic and robustic acids 
are not found in the Indian roots. 


Nallanin has the molecular formula C,,H,,O,;, contains one methoxyl 
aad two hydroxyls, one of which seems to be phenolic and the other alco- 
holic. On the other hand, Chandanin has the molecular formula C..H,,0, 
possesses three methoxyls and four phenolic hydroxyls; it seems to be rather 
extraordinary in its characteristics. 
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GossYPIN, a new glucoside of gossypetin, was originally obtained from 
Gossypium indicum. A detailed study of this substance could not be 
catried out earlier owing to lack of material. These cotton flowers were 
variable in composition and did not yield this glucoside in any appreciable 
amounts in later experiments. A richer and more convenient source has 
recently been found in the flowers of Hibiscus vitifolius? and considerable 
quantities of gossypin have been obtained. A detailed study of it has there- 
fore been possible now. 


Gossypin is markedly soluble in water and much less soluble in 
anhydrous organic solvents. Because of this characteristic, it has not been 
possible to obtain it entirely free of mineral matter. Consequently accurate 
analytical data could not be obtained; but analysis for carbon and hydrogen 
and estimation of the products of acid hydrolysis, glucose and gossypetin 
agreed satisfactorily with a monoglucoside formula for gossypin. 


Two significant properties which distinguish gossypin from gossypitrin 
are as follows: (1) it does not give any prominent colours in alkaline buffer 
solutions; (2) it does not respond to the gossypetone reaction. These may 
indicate that in the linking of the sugar group a hydroxyl in the 5- or 8-posi- 
tion is involved, the latter being more probable. In order to locate the 
position of the glucose group definitely gossypin has been subjected to com- 
plete methylation using dimethyl sulphate and potassium carbonate in 
anhydrous acetone medium. Though the substance is sparingly solubie in 
this solvent the suspension reacts and complete methylation eventually takes 
place. This is indicated by the fact that the product does not give any 
colour with aqueous sodium hydroxide or ferric chloride. Hydrolysis of 
the methylated glucoside yields a monohydroxy compound (A) which yields 
veratric acid on fission with alcoholic potash. This reaction shows that 
the free hydroxyl group is not in the side phenyl nucleus. Four alternative 
positions still left for its location are 3-, 5-, 7- and 8-. O-Pentamethyl 
gossypetins with a hydroxyl in the 5- and the 7-positions (formule III and 
IV) are already®* known. The isomeric compound with a free hydroxyl 
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in the 3-position (V) has now been prepared for purposes of comparison. 
As shown in the table given below these three compounds do not agree with 
the degradation product of gossypin (A) in properties. Mixed melting 
points have been taken and have been found to be depressed. Hence it 
should be concluded that compound (A) bears a hydroxyl in the 8-position 
(formula If) and that gossypin is a 8-mono-glucoside of gossypetin (I). 
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This constitution satisfactorily explains why gossypin does not respond to 
the gossypetone reaction with p-benzoquinone and why it does not exhibit 
marked colour changes in alkaline buffer solutions. But how the location 
of the sugar group in the 8-position gives rise to the markedly high solubility 
of gossypin in water and its marked insolubility in organic solvents is not 
yet clear. 


Of the O-pentamethyl gossypetins required for the above comparison 
the 7-hydroxy compound (IV) has been obtained according to the method 
of Baker, Nodzu and Robinson,‘ and the 5-hydroxy compound (III) by the 
partial methylation of gossypetin in anhydrous acetone solution using 
dimethyl sulphate and anhydrous potassium carbonate. The 3-hydroxy 
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; ‘ Melting point Melting point Ferric chloride 
Mame of the substance of the onietanee of the an colour 
5-Hydroxy-3:7:8:3':4’= Bs 166-68° 165-66° Olive green 
pentamethoxy flavone (IIT) 
1-Hydroxye3:5:8:3': 4’ ss 253-55 ° 167-69° Nil 
pentamethoxy flavone (IV) | 
3-Hydroxy-5:7:8:3':4’ ‘ 228-30° 207-8° | Violet brown 
pentamethoxy flavone (V) 
Degradation product of gossypin (A) 196-98° 214-16° Brown 














compound (V) was synthesized starting from 2-hydroxy-3. 4: 6-trimethoxy 
acetophenone (VI). This ketone is best obtained according to the pro- 
cedure of Baker® which involves Friedel and Craft’s reaction on 1: 2:3: 5- 
tetramethoxy benzene. Its constitution is definitely established by its prepa- 
ration. by an alternative method using 2: 5-dimethoxy resorcinol.* It is 
condensed in alkaline solution with veratric aldehyde and the resultin; 
chalkone (VII) converted subsequently into the flavanone (VIII) and flavonol 
(V). 
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EXPERIMENTAL 


The sample of gossypin used for the following experiments was purified 
by repeated crystallisation from hot water. It separated out in the form 
of bright yellow sheaves of fine needles which melted with vigorous decom- 
position at 228-30°. The results of analysis for carbon and hydrogen 
reported in an earlier paper! agree closely with the requirements of the for- 
mula C,,H,,0,, than the more complex formula originally suggested.? 
(Found in air-dried sample: C, 46-7; H, 4-5; loss on drying in vacuo at 
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110° for 3 hours, 10-1%. CuzyHy9O,3, 3H,O requires C, 47:2; H, 4-9 and 
3H,0 loss 10°1%.) Quantitative estimation of glucose and gossypetin was 
already reported.” This also agrees with the monoglucoside formula. 
(Found: Gossypetin 63-3; glucose 33:4; CyH_2O,3, 3HO requires 
C,;H,,O,, H,O, 62:9 and C,H,.0,, 33-9%.) 


Though the acetyl derivative of gossypin could be obtained only as a 
colourless powder and could not be crystallised, it gave values for acetyl 
groups agreeing with the monoglucoside formula. (Found: COCH,, 
44-6%; calculated for 9 acetyl groups in CygH,gOo2, 45-1%.) It undergoes 
hydrolysis on keeping and turns yellow. 


Methylation of Gossypin.—A suspension of finely powdered gossypin 
(1 g.) in anhydrous acetone (200c.c.) was treated with freshly distilled 
dimethyl sulphate (8c.c.) and anhydrous potassium carbonate (20g). 
After refluxing for 30 hours on a water-bath the potassium salts were filtercd 
off and the residue washed with acetone. The filtrate was distilled to recover 
the solvent. When the reddish brown oily residue was treated with cxcess 
of ether a light brown amorphous solid separated out which was easily 
soluble in water, alcohol and acetone but not in ether or benzene. The 
alcoholic solution did not give any colour with alkali or with ferric chloride. 
Attempts to crystallise the methyl ether from various solvents were unsuccess- 
ful and it was therefore directly used for hydrolysis. 


Hydrolysis of Methylated Gossypin.—The methylated product (1 g.) 
was refluxed with 7% sulphuric acid (50c.c.) for 2 hours. The dark red 
solution was filtered hot through a plug of cotton-wool from a small amount 
of resinous impurity. On diluting with water (200c.c.) and cooling in the 
ice-chest fine silky needles of the hydrolytic product separated out. It was 
filtered and washed free from acid. It crystallised from alcohol in the form 
of pale yellow rectangular plates and prisms melting at 196-98°. (Found: 
C, 58-9; H, 5-3; methoxyl, 38-0; loss on drying in vacuo at 110-20° 
for 3 hours, 4:1; CspH29O,, H,O requires C, 59-1; H, 5-4; methoxyl, 38-2 
for 5 methoxyl groups and loss on drying, 4-4%.) It was easily soluble in 
alcohol but sparingly in benzene and ethyl acetate. In alcoholic solution 
it gave a brown colour with a drop of ferric chloride and with a few more 
drops a reddish brown slimy precipitate separated. With lead acetate it 
did not give any precipitate. In aqueous sodium hydroxide it dissolved to 
a reddish brown solution from which it was reprecipitated on saturation 
with carbon dioxide. 


A small quantity of the above hydroxy compound was acetylated by 
boiling with acetic anhydride and few drops of pyridine for 2 hours. The 
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acetate crystallised from alcohol in the form of colourless narrow rectangular 
plates melting at 215-16°. (Found: C, 61:0; H, 5:4; CyeH»2O, requires 
C, 61:4; H, 5-1%.) 


Constitution of Gossypin—I 


On methylation with dimethyl sulphate and potassium carbonate in 
anhydrous acetone medium the hydroxy compound yielded the methylated 
product in the form of colourless narrow rectangular plates melting at 
170-72°. The mixed melting point with an authentic sample of gossypetin 
hexamethyl ether was not depressed. 


Alkaline hydrolysis of O-pentamethyl gossypetin (I1).—The pentamethyl 
gossypetin (1 g.) was treated with absolute alcoholic potash (30c.c. of 8% 
solution) and the dark red solution refluxed for 6 hours in a current of 
hydrogen. The solvent was removed, the residue dissolved in water (30c.c.) 
and the clear solution acidified with concentrated hydrochloric acid. The 
solution was repeatedly extracted with ether and the ether extract shaken 
with aqueous sodium bicarbonate. On acidifying the bicarbonate extract 
a crystalline solid separated out. It was filtered, washed with a little water 
and crystallised twice from hot water using animal charcoal when it came out 
in the form of colourless rectangular prisms melting at 180-82°. The mixed 
melting point with an authentic sample of veratric acid was not depressed, 


The residual ether extract on evaporation gave a small quantity of a 
pale yellow solid which gave a greenish colour with ferric chloride. The 
quantity was too little for successful purification. 


3: 7:8: 3':4'-O-Pentamethyl gossypetin (IV)—The preparation of this 
has already been described. A more convenient procedure for obtaining 
it is as follows: 


Gossypetin (0-5 g.) was dissolved in a mixture of anhydrous acetone 
(20c.c.) and benzene (100c.c.). The solution was treated with dimethyl 
sulphate (0-8 c.c.) and potassium carbonate (5 g.) and refluxed for 12 hours. 
The potassium salts were removed by filtration and the filtrate evaporated. 
The residual yellow solid was taken up in absolute alcohol, an equal volume of 
10% absolute alcoholic potash was added and the mixture cooled in ice. 
The yellow crystalline solid (potassium salt) was filtered, washed with a little 
absolute alcohol, dissolved in water and the solution acidified. On extract- 
ing it with ether and removing the solvent the pentamethy] ether was obtained 
as a yellow crystalline solid. It crystallised from alcohol in the form of 
bright yellow narrow rectangular plates melting at 166-67°. It was sparingly 
soluble in aqueous alkali and gave a bright olive green colour with a drop 
of ferric chloride. 
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3: 4:6: 3’: 4’-Pentamethoxy-2-hydroxy-chalkone (VII).—A mixture of 
veratraldehyde (9g.) and 2-hydroxy-3: 4: 6-trimethoxy acetophenone (3g) 
was dissolved in alcohol (25c.c.) and the solution treated with a strong 
aqueous solution of potassium hydroxide (25g., in 20c.c. of water) with 
cooling. Sufficient alcohol (100c.c.) was then added to get a clear solution 
and it was left out of contact with air for 3 days. The dark red reaction 
mixture was diluted with water (400c.c.) and extracted with ether twice. 
The alkaline layer, on being acidified, deposited an orange yellow solid which 
was filtered and washed with water. Yield 4-3g. After crystallisation 
from alcohol it separated in the form of large, orange coloured rectangular 
plates melting at 143-45°. (Found: C. 64-0; H, 5°8; CogH220, requires 
C, 64:2; H, 5-9%.) 


It was readily soluble in alcohol and the alcoholic solution gave a brown 
colour with ferric chloride. In concentrated hydrochloric acid and sulphuric 
acid it dissolved to form a blood-red solution. 


5:7:8:3': 4'-Pentamethoxy-flavanone (VITII).—A solution of the above 
chalkone (1 g.) in aqueous alcohol (25c.c. alcohol and 25c¢.c. water) was 
treated with concentrated hydrochloric acid (3c.c.). After refluxing for 
24 hours on a water-bath most of the alcohol was removed under reduced 
pressure and the residue diluted with water (300c.c.). A pale brown 
turbid solution with some resinous solid resulted. It was extracted with 
boiling benzene (300c.c.) in 3 lots. The combined benzene extract was 
distilled off to recover the solvent and the residue, on the addition of ether, 
solidified to a light brown solid. It was macerated with dilute aqueous 
sodium hydroxide to remove the chalkone, filtered and washed. Yield 0-6. 
On crystallisation from ethyl acetate the flavanone separated out in the form 
of colourless narrow rectangular plates, melting at 172-74°. (Found: C, 
63:8; H, 5-6; CsgpHo2O, requires C, 64-2; H, 5-9%.) The flavanone was 
sparingly soluble in alcohol and benzene and more soluble in ethyl acetate. 
It was insoluble in aqueous alkali and did not give any colour with ferric 
chloride. In concentrated mineral acid it dissolved to an orange yellow 


solution. When reduced with magnesium and hydrochloric acid in alcoholic 
solution a pink colour resulted. 


3-Hydroxy-5: 7:8: 3': 4'-pentamethoxy flavone (V).—A solution of the 
flavanone (0-5 g.) in alcohol (40c.c.) was treated at 70-80° with freshly 
prepared isoamyl nitrite (4c.c.) in small portions and concentrated hydro- 
chloric acid (4 c.c.) (d. 1-19) was then slowly added little by little maintaining 
the above temperature. After all the acid was added, the flask was closed 
and left for 3 hours. It was then diluted with water (200c.c.) and kept in 
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the ice-chest overnight when a yellow solid separated out. It was filtered, 
washed and crystallised from ethyl acetate from which it came out as pale 
yellow flat needles, melting at 228-30°. (Found: C, 61:8; H, 5-0; 
CapH oO, requires C, 61:9; H, 5-2%.) It was sparingly soluble in ethyl 
acetate, alcoho] and benzene and aqueous sodium hydroxide. In alcoholic 
solution it gave a greenish brown colour with ferric chloride. 


Constitution of Gossypin—TI 


On acetylating the compound with acetic anhydride and pyridine the 
acetate was obtained; it crystallised from alcohol in the form of colourless 
narrow rectangular plates melting at 207-08°. The mixed melting point 
of this with the acetate of the pentamethyl gcssypetin obtained from 
gossypin was depressed (180-90°). (Found: C, 61-2; H, 5-0; CygH..O, 
requires C, 61-4; H, 5-1%.) 

SUMMARY 


The analytical data indicate that gossypin is a monoglucoside. As a 
result of complete methylation and hydrolysis it yields an O-pentamethyl 
gossypetin. From a study of its decomposition with alcoholic potash 
whereby veratric acid is obtained and from a comparison of its properties 
with those of isomeric compounds, it is concluded that it has a free hydroxy] 
in the 8-position. Consequently gossypin should be 8-monoglucoside of 
gossypetin. The synthesis of O-pentamethyl gossypetin with a hydroxyl ip 
the 3-position has been described. 
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WE have already described the synthesis of 1-stearyl-2-naphthol by Nenckis 
Mzthod in a previous communication. With the intention of preparing 
the acyl-2-naphthols having a free one position, we applied the method of 
Haworth and Sheldrick? to f-naphthol, but the resulting products were 
obtained in poor yields. Condensation of methyl £-naphthyl ether with the 
requisite acid chloride followed by the demethylation with hydrogen bromide 
or aluminium chloride gave the desired 6-acyl-2-naphthol, in many cases. 


After studying the action of acetyl, propionyl, butyryl and benzoyl 
chlorides on methyl 8-naphthyl ether, and converting the resulting methoxy 
into hydroxy derivatives, we condensed stearyl chloride with the above ether, 
6-stearyl-2-methoxy-naphthalene was formed in good yield, but attempts to 
demethylate it with hydrogen bromide, hydrogen iodide or aluminium chlo- 
ride led to the ejection of the stearyl group. Identical results were obtained 
with palmity! and lauryl chlorides. However other derivatives of 6-stearyl, 
6-palimity] and 6-lauryl-2-methoxy-naphthalenes were studied. 


EXPERIMENTAL 


Condensation of B-naphthyl methyl ether with acetyl chloride by Friedel- 
Crafts method—Preparation of 2-methoxy-6-acetyl-naphthalene. 


A mixture of 8-naphthyl methyl ether (15 g.), anhydrous zinc chloride 
(13 g.) and acetyl chloride (8c.c.) in nitro-benzene solution (70c.c.) was 
kept for 48 hours and decomposed by dilute hydrochloric e2cid in cold. 
The nitrobenzene was steam-distilled and the product was purified and 
crystallised through alcohol in yellowish needles, m.p. 106-07°C. It was 
soluble in nearly all the organic solvents and its alcoholic solution did not 
give any colouration with ferric chloride (yield 70%). (Found: C, 78:1; 
H, 6-2; calculated for C,,H,,O, requires C, 78-0; H, 6-1 per cent.) 

The p-nitrophenylhydrazone crystallised from alcohol in reddish needles, 
m.p. 239-40°C. (Found: N, 12-3; Cy H,,O,N, requires N, 12-5 per 
cent.) 
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Clemmensen Reduction of 2-methoxy-6-acetyl-naphthalene and formation of 
2-methoxy-6-ethyl-naphthalene. 


2-Methoxy-6-acetyl-naphthalene (1 g.) was heated with zinc amalgam 
(5g.) and hydrochloric acid (30c.c.) on the sand-bath under reflux for 
six hours. The product obtained was crystallised from alcoho} in yellowish 
needles, m.p. 50-51°C. (Found: C, 83:9; H, 7:6; C,,;H,,O requires C, 
83-8; H, 7-6 per cent.) 


Demethylation of 2-methoxy-6-acetyl-naphthalene and preparation of 6-acetyl- 
2-naphthol. 


The mixture of hydrobromic acid (15c.c. of 48%) 2-methoxy-6-acetyl- 
naphthalene (5g.) and acetic acid (35c.c.) was heated on sand-bath for 
6 hours. The solution was poured in a large quantity of water and the 
product obtained was purified through alkali. It crystallised from alcohol 
in yellowish flakes, m.p. 170-71° C. (yield 80%) and was soluble in the usual 
organic solvents. (Found: C, 77-2; H, 5-3; CysHyOQ, requires C, 77-4; 
H, 5:4 per cent.) 


The p-nitrophenylhydrazone of 6-acetyi-2-naphthol gave reddish needles 
from alcohol, m.p. 254-53°C. (Found: N, 13-2; C,gH,;O,N, requires N, 
13-1 per cent.) 


The Clemmensen Reduction of 6-acetyl-2-naphthol gave 6-ethyl-2- 
naphthol which crystallised from alcohol in white small flakes, m.p. 93-94° C, 
(Found: C, 83-5; H, 7-1; C,,H,,O requires C, 83-7; H, 7-0 per cent.) 


Condensation of B-naphthyl methyl ether with propionyl chloride preparation 
of 2-methoxy-6-propionyl-naphthalene. 


Propionyl chloride (8c.c.), anhydrous zinc chloride (13 g.) and - 
naphthyl methy!] ether (16g.) in nitrobenzene solution (65c.c.) were well 
mixed and kept for 48 hours. Nitrobenzene was then steam-distilled and 
the product formed was crysiallised from alcohol in lustrous small plates, 
m.p. 108-09° C. (Yield 80%). It was slightly soluble in petroleum ether, 
but very soluble in all other organic solvents. (Fouzd: C, 78:2; H, 6-4; 
C,,H,,O, requires C, 78:5; H, 6-5 per cent.) 


The p-nitrophenyl hydrazone of 2-methoxy-6-propionyl-naphthalene 
crystallised from alcohol in reddish, shining needles, m.p. 210-11°C. 
(Found: N, 11:9; CapHjgO,N, requires N, 12-0 per cent.) 

2-Methoxy-6-propyl-naphthalene was obtained from 2-methoxy-6-pro- 
pionyl-naphthalene (1 g.) on heating with amalgamated zinc (5 gm.) and 
hydrochloric acid (30c.c.) for six hours, and crystallised from alcohol in 


384 R. D. Desai and W. S. Waravdekar 


white, shining plates, m.p. 49-50°C. (Found: C, 84-2; H, 8-1; C,,H,,0 
requires C, 84-0; H, 8-1 per cent.) 


Demethylation of 2-methoxy-6-propionyl-naphthalene and preparation of 
6-propionyl-2-naphthol. 


By heating the mixture of 2-methoxy-6-propionyl-naphthalene (5 ¢,) 
and hydrobromic acid (15c.c. of 48%) in acetic acid (40 c.c.) for four hours 
was obtained a brownish product which was purified through alkali and 
crystallised from alcohol in yellowish plates, m.p. 150-51°C. (yield 75%), 
Its alcoholic solution did not give any colouration with ferric chloride. 
(Found: C, 78-1; H, 6:2; C,sH,,0O. requires C, 78-0; H, 6-0 per cent, 


The p-nitrophenylhydrazone of 6-propionyl-2-naphthol crystallised from 
alcohol in deep-red needles, m.p. 225-26° C. (Found: N, 12-3; CyoH,;,N,0, 
requires N, 12-5 per cent.) 


6-Propyl-2-naphthol.—The mixture of the hydrochloric acid (35c.c), 
6-propionyl-2-naphthol (1g.) and amalgamated zinc (5g.) was heated 
for six hours. The product was purified through alkali and crystallised 
from alcohol in white lustrous needles, m.p. 120-21°C. (Found: C, 83-9; 
H, 7:5; C,sH,,O requires C, 83-8; H, 7-6 per cent.) 


Condensation of B-naphthyl methyl ether with butyryl chloride and preparation 
of 2-methoxy-6-butyryl-naphthalene. 


Condensation of 8-naphthyl methyl ether (15 g.) with butyryl chloride 
(9c.c.) in presence of anhydrous zinc chloride (13g.) in nitrobenzene 
solution (70c.c.) gave 2-methoxy-6-butyryl-naphthalene which crystallised 
from alcohol in white, lustrous flakes, m.p. 92-93° C. (yield 60%). (Found: 
C, 78:8; H, 7:1; CysHigO2 requires C, 78-9; H, 7-1 per cent.) 


The p-nitrophenyl hydrazone of 2-methoxy-6-butyryl-naphthalene crystal- 
lised from alcohol in reddish-brown plates, m.p. 200-01°C. (Found N, 
11:5; Cy,H:,O,N, requires N, 11-6 per cent.) 


The Clemmensen Reduction of 2-methoxy-6-butyryl-naphthalene (| g.) 
with zinc amalgam (5g.) and hydrochloric acid (35¢.c.) gave 2-methoxy- 
6-butyl-naphthalene which crystallised from alcoho] in white, shining flakes, 
m.p. 52-53°C. (Found: C, 84-2; H, 8-3; C,;H,,O requires C, 84-1: 
H, 8-5 per cent.) 


The demethylation of 2-methoxy-6-butyryl-naphthalene (5 gm.) with 
hydrobromic acid (10 c.c. 48%) in glacial acetic acid (40c.c.) gave 6-butyryl- 
2-naphthol which was purified through alkali and crystallised from alcohol 
in white, shining small needles, m.p. 155-56° C. (yield 75%). Its alcoholic 
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solution did not give any colouration with ferric chloride. (Found: C, 
78:4; H, 6-4; C,,H,,O2 requires C, 78-5; H, 6-6 per cent.) 


The p-nitrophenyl hydrazone of 6-butyryl-2-naphthol crystallised from 
alcohol in deep-red shining needles m.p. 215-16°C. (Found: N, 12-1; 
CopH,9O3N, requires N, 12-0 per cent.) 


6-Butyl-2-naphthol was obtained by reduction of 6-butyryl-2-naphthol 
(1gm.) with zinc amalgam (Sgm.) and hydrochloric acid (35c.c.). The 
product was crystallised from alcohol in white shining flakes, m.p. 97-98° C. 
(Found: C, 84-1; H, 8-3; C,,4Hi,O requires C, 84:0; H, 8-1 per cent.) 


Condensation of B-naphthyl methyl ether with benzoyl chloride and preparation 
of 2-methoxy-6-benzoyl-naphthalene 


The mixture of B-naphthyl ether (15g.), anhydrous zinc chloride 
(12g.) and benzoyl chloride (14c.c.) in nitrobenzene solution (70c.c.) 
was kept for 48 hours and then steam-distilled. The product was crystallised 
from alcohol in yellowish needles, m.p. 120-21°C. (yield 75%). (Found: 
C, 82:5; H, 5-3; C,gH,,O-2 requires C, 82-4; H, 5-4 per cent.) 


The p-nitrophenyl hydrazone of 2-methoxy-6-benzoy!-naphthalene crystallis- 
ed from alcohol in reddish, shining flakes, m.p. 180-81°C. (Found: 
N, 10:5; C.,HigO,N, requires N, 10-6 per cent.) 


2-Methoxy-6-benzyl-naphthalene was prepared by the reaction of 2- 
methoxy-6- benzoyl-naphthalene (1g.) with zinc amalgam (5gm.) and 
hydrochloric acid (35c.c.) and crystallised from alcoho] in white, shining 
flakes, m.p. 81-82°C. (Found: C, 87-1; H, 6-3; C,,H,,O requires C, 
87:1; H, 6-Sper cent.) 


Demethylation of 2-methoxy-6-benzoyl-napthalene (8 g.) was carricd 
out with hydrobromic acid (20c.c.) in acetic acid (40c.c.). The crude 
6-benzoyl-2-naphthol was purified through alkali and crystallised from alco- 
hol in yellowish needles, m.p. 145-46°C. (yield 80%). It was freely soluble 
in all organic solvents but less so in petroleum ether. Its alcoholic solution 
gave no colouration with ferric chloride. (Found: C, 82-4; H, 4:8; 
C,,H,,0, requires C, 82:2; H, 4-9 per cent.) 


The p-nitrophenyl hydrazone of 6-benzoyl-2-naphthol crystallised from 
alcohol in reddish-brown, small needles, m.p. 200-01°C. (Found: N, 
10:9; C,,H,,O,N, requires N, 11-0 per cent.) 


6-Benzyl-2-naphthol was prepared by reducing 6-benzoyl-2-naphthol 


(lg.) with zinc amalgam (5g.) and hydrochloric acid (30c.c.) and 
A6 
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crystallised from alcohol in white, crystalline flakes, m.p. 112-13°C, 
(Found: C, 87:3; H, 6-2; C,,H,,O requires C, 87-1; H, 6-0 per cent.) 


Condensation of B-naphthyl methyl ether with stearyl chloride and preparation 
of 2-methoxy-6-stearyl-naphthalene 


Stearyl chloride (30g.) in nitrobenzene solution (30¢c.c.) was slowly 
added to mixture of nitrobenzene (50 c.c.), powdered anhydrous zinc chloride 
(13 g.) and B-naphthyl methyl ether (16g.). The mixture was kept for 
48 hours at room temperature and decomposed in cold by dilute hydrochloric 
acid. The nitrobenzene was steam-distilled and the solid was crystallised 
from alcohol in white shining flakes, m.p. 116-17°C. (yield 75%). It was 
soluble in usual organic solvents and its alcoholic solution gave no coloura- 
tion with ferric chloride. (Found: C, 82-1; H, 10-4; Cy H,,O. requires 
C, 82:0; H, 10-5 per cent.) 


The p-nitrophenyl hydrazone of 2-methoxy-6-stearyl-naphthalene crystal- 
lised from alcohol in reddish shining flakes, m.p. 235-36°C. (Found: N, 
7-3; Css5H ON, requires N, 7:5 per cent.) 


Clemmensen reduction of 2-methoxy-6-stearyl-naphthalene and the formation 
of 2-methoxy-6-octadecyl-naphthalene 


A mixture of 2-methoxy 6-.tearyl-naphthalene (1g.), zinc amalgam 
(5 g.) and hydr »chloric acid (40 c.c.) was heated on sand-bath under reflux 
for eight hours. The product on crystallisation from alcohol gave white, 
shining plates, m.p. 60-61°C. (Found: C, 84-6; H, 11:2; CHO 
requires C, 84-8; H, 11-3 per cent.) 


Demethylation of 2-methoxy-6-stearyl-naphthalene by hydrobromic acid 
hydroiodic acid and anhydrous aluminium chloride 


A so‘ut‘on of-2-methoxy-6-stearyl naphthalene (5 g.) and hydrobromic 
acid (20c.c. of 48°) in glacial acetic acid (40 c.c.) was heated on sand-bath 
for five hours and then poured in water. The solid crystallised from alcohol 
in white, shining plates and was identified as stearic acid by a mixed mp. 
68-69°C. On keeping the 2-methoxy-6-stearyl-naphthalene with hydro- 
bromic acid for 48 hours at room temperature with slight warmir g a mixture 
of stearic acid and the original substance was obtained. Even on keeping 
the methoxy ketone with hydrobromic acid for 12 hours, the demethylation 
did not succeed. 


Demethylation of 2-methoxy-6-stearyl-naphthalene with hydroiodic acid 
in acetic acid gave only the stearic acid. 
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Lastly the demethylation was tried with anhydrous aluminium chloride 
in dry benzene but this also gave the stearic acid. 


2-Methoxy-6-palmityl-naphthalene the condensation of B-naphthyl methyl 
ether (16 g.) with palmityl chloride (28 g.) in presence of zinc chloride 
(l4g.) in nitrobenzene solution (85¢c.c.) gave 2-methoxy-6-palmityl 
naphthalene which crystallised from alcohol in white, shining plates, m.p. 
105-06° C. (yield 65%). It was soluble in nearly all organic solvents and 
its alcoholic solution gave no colouration with ferric chloride. (Found: 
C, 81-7; H, 10-1; C,,H,,O, requires C, 81-8; H, 10-2 per cent.) 


The p-nitrophenyl hydrazone of 2-methoxy-6-palmityl-naphthalene crystal- 
lised from alcohol in reddish, small flakes, m.p. 225-26°C. (Found: N, 
7:8; C,3;H,4gsO,N, requires N, 7-9 per cent.) 


2-Methoxy-6-hexadecyl-naphthalene was prepared by reducing 2-methoxy- 
6-palmityl naphthalene by zinc amalgam and the product was crystallised 
from alcohol in white, shining, soft needles, m.p. 54-55°C. (Found: C, 
84:9; H, 11-0; Cy2H,4,O requires C, 84-7; H, 11-1 per cent.) 


Demethylation of 2-methoxy-6-palmityl naphthalene with HBr, HI or 
anhydrous aluminium chloride did not succeed but the palmityl group was 
split off. 


2-Methoxy-6-lauryl-naphthalene was prepared by condensing lauryl 
chloride (28 g.) in nitrobenzene (35c.c.) with B-naphthyi methyl ether 
(16g.) and zinc chloride (14g.) in nitrobenzene (50c.c.). The reaction 
was kept for 48 hours at room temperature and steam-distilled. The solid 
crystallised from aicohol in white, lustrous flakes, m.p. 97-98° C. (yield 65%). 
(Found: C, 81:2; H, 9-4; Cy3H,,02 requires C, 81-1; H, 9-5 per cent.) 


The p-nitrophenyl hydrazone of 2-methoxy-6-lauryl-naphthalene crystal- 
lised from hot alcohol in reddish, small plates, m.p. 220-21°C. (Found: 
N, 8-6; CygH,,0,N; requires N, 8-8 per cent.) 


2-Methoxy-6-dodecyl-naphthalene-—The Clemmensen reduction of 2- 
methoxy-6-lauryl-naphthalene with zinc amalgam and hydrochloric acid 
gave the reduced product which crystallised from alcohol] in white shining 
Plates, m.p. 47-48°C. (Found: C, 84-6; H, 10-4; C,,H,,O requires C, 
84:6; H, 10-5 per cent.) 


Demethylation of 2-methoxy-6-lauryl naphthalene with HBr, HI or 
anhydrous aluminium chloride did not proceed but the lauryl group was 
split off. 
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SUMMARY 


Some 6-acyl-2-naphthols such as 6-acetyl; 6-propionyl-6-butyryl; and 
6-benzoyl-2-naphthols have been prepared by the demethylation 2-methoxy- 
6-acetyl; 2-methoxy-6-propionyl-; 2-methoxy-6-butyryl and 2-methoxy- 
6-benzoyl-naphthalenes. In the case of 2-methoxy-6-stearyl-; 2-methoxy- 
6-palmityl and 2-methoxy-6-lauryl-naphthalenes, an attempt was made to 
demethylate them to get the hydroxy ketones, but the stearyl, palmityl and 
lauryl groups were split off. The properties of all the methoxy- and 
hydroxy-ketones have been studied. 


We have great pleasure in expressing our thanks to Rev. Father A. M. 
Coyne, s.J., for the provision of the facilities. 
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THe preparation and properties of 2:4-diacetyl-l-naphthol have been 
described by Akram and Desai.! The present authors? have also studied the 
behaviour of 2-stearyl- and 4-stearyl-l-naphthols. It was thought interest- 
ing to study the properties of 2:4-distearyl-, 2:4-dipalmityl- and 2:4- 
dilauryl-l-naphthols with a view to comparing their properties with those 
of 2: 4-diacetyl-1-naphthol. 

2: 4-Distearyl-1-naphthol did not give a colouration with ferric chloride. 
Neither did it react with bromine under any condition. Nitration with 
excess Of fuming nitric acid gave 4-nitro-2-stearyl-l-naphthol. When its 
solution in glacial acetic acid or propionic acid was heated in the presence 
of anhydrous zinc chloride, only 2-stearyl-l-naphthol was obtained, as the 
4-stearyl group was eliminated. Vigorous acetylation by Kostanecki’s 
method gave 2-methyl-3-hexadecyl-6-stearyl-1 : 4-a-naphthapyrone, which, on 
alkaline hydrolysis, regenerated the original ketone. 


Akram and Desai (ibid.) found that 2: 4-diacetyl-l-naphthol gave green 
colouration with ferric chloride, and reacted with bromine giving mono and 
tribromo derivatives. Nitration of this ketone gave mixture of 4-nitro-2- 
acetyl-l-naphthol and 2: 4-dinitro-l-naphtho]. With regard to the Nencki 
and Kostanecki Reactions both the ketones behaved similarly. Thus it 
was interesting to find the long-chain ketone differing from the short-chain 
analogue in some of its properties, 


2: 4-Palmityl- and 2: 4-dilauryl-l-naphthols which were prepared simul- 
ated the behaviour of 2: 4-distearyl-1-naphthol. 
EXPERIMENTAL 


Condensation of 2-stearyl-\-naphthol with stearyl chloride by Friedel-Crafts 
method—Preparation of 2: 4-distearyl-\-naphthol. 


A solution of 2-stearyl-l-naphtho] (8 g.) in nitrobenzene (50c.c.) was 
added to a mixture of stearyl chloride (6g.) and anhydrous zinc chloride 


389 








390 R. D. Desai and W. S. Waravdekar 


(4g.) in nitrobenzene solution (20c.c.). The mixture was kept for 48 
hours at room temperature and then decomposed by dilute hydrochloric 
acid in the cold. The solid obtained on steam-distilling nitrobenzene, was 
purified and crystallised from alcohol in pale-yellow, shining, soft needles, 
m.p. L10-11°C. (yield 75%). Its alcoholic solution gave no colouration 
with ferric chloride. It was soluble in usual organic solvents but less so in 
petroleum ether. (Found: C, 81-4; H, 11-4; C,y,H,,O, requires C, 81-6; 
H, 11-3 per cent.) 


The p-nitrophenyl hydrazone of 2: 4-distearyl-l-naphthol crystallised 
from alcohol in red, shining, short needles, m.p. 180-81°C. (Found: N, 
5:1; Cs3H,,N,O, requires N, 5-2 per cent.) . 


Nitration of 2:4 distearyl-\-naphthol with excess of fuming nitric acid. 


When the ketone was nitrated with one, two and three moles of fuming 
nitric acid the original ketone was obtained in ail the cases. Therefore, the 
excess of fuming nitric acid (Sc.c. of d. = 1-5) in acetic acid (20c.c.) was 
added to the sojution of 2:4 distearyi-l-naphtho] (1g.) in acetic acid 
(30 c.c.). The mixture was heated on water-bath for one hour and kept over- 
night at room temperature. O1 pouring in water a yellowish mass sepa- 
rated out which was crystallised from petroleum ether in pale yellow shining 


needles, m.p. 72° C., undepressed by the authentic sample of 4-nitro-2-stearyl- 
1-naphthol. 


Action of acetic acid and propionic acid on 2: 4-distearyl-\-naphthol. 


A mixture of glacial acetic acid (15c.c.), anhydrous zinc chloride (3 g.) 
and 2: 4-distearyl-l-naphthol (1 g.) was heated on sand-bath under reflux 
for three hours. Tae product obtained was crystallised from alcohol in white 
shining small needles, m.p. 82° C., undepressed by an authentic specimen of 
2-stearyl-l-naphthol and no trace of 2-acetyl-l-naphthol was observed. 
When the reaction was repeated with propionic acid instead of acetic acid 


only 2-stearyl-l-naphthol and no trace of 2-propionyl-l-naphthol was 
obtained. 


Kostanecki Reaction of 2: 4-distearyl-1-naphthol and preparation of 2-methyl- 
3-hexadecyl-6-stearyl-1 : 4-a-naphthapyrone. 


A mixture of 2:4 distearyl-l-naphthol (2g.), powdered anhydrous 
sodium acetate (2 g.) and acetic anhydride (20c.c.) was heated at 175-80°C. 
for 12 hours. The solid separated on pouring the mixture in water was 
crystallised from alcohol in white, lustrous flat needles, m.p. 85-86°C. It 
dissolved in coacentrated sulphuric acid giving a brownish-yellow solution. 
(Found: C, 82-1; H, 10-8; C4gH,,O, requires C, 82-3; H, 10-9 per cent.) 
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Hydrolysis of the above pyrone with 10% alkali on water-bath for three 
hours gave the original ketone, m.p. 110-11°C., undepressed by a pure 
sample of 2:4 distearyl-l-naphthol. 





Condensation of. 2-palmityl-\-naphthol with palmityl chloride and preparation 
of 2: 4-dipalmityl-1-naphthol. 


2-Palmity!-l-naphthol (9-0 g.) was condensed with palmityl chloride 
(6-5g.) in presence of zinc chloride (4g.) in nitrobenzene solution 
(70c.c.). The reaction was kept for 48 hours and then decomposed by hydro- 
chloric acid. On steam-distilling nitrobenzene, the solid obtained was 
purified and crystallised from alcohol in fine yellow lustrous flakes, m.p. 
115-16°C. (yield 72 per cent.). Its alcoholic solution did not give any 
colouration with ferric chloride. (Found: C, 81-4; H, 11:1; CygH,9, 
requires C, 81-2; H, 11-0 per cent.) 


The p-nitrophenylhydrazone of 2: 4-dipalmity!-l-naphthol crystallised 
from alcoho] in yellowish-red, shining flat needles, m.p. 188-89° C.- (Found: 
N, 5:4; CygH,,0,N, requires N, 5:5 per cent.) 

Bromination of 2:4-dipalmity!-l-naphthol did not give any bromo- 
product and the nitration with excess of fuming nitric acid gave 4-nitro-2- 
palmityl-1-naphthol. 


The Nencki Reaction with 2:4-dipalmityl-l-naphthol (1 g.) using 
acetic acid (15c.c.) or propionic acid gave 2-palmityl-1-naphthol. 


Kostanecki Reaction with 2: 4-dipalmityl-\-naphthol—Preparation of 2-methyl- 
3-tetradecyl-6-palmityl-1 : 4-a-naphthapyrone. 


A mixture of 2: 4-dipalmityl-l-naphthol (2g.), powdered anhydrous 
sodium acetate (2g.) and acetic anhydride (20c.c.) was heated at 175- 
80° C. for 12 hours. The product obtained was crystallised from alcohol 
in white, shining plates, m.p. 91-92°C. It was soluble in usual organic 
solvents with sulphuric acid and gave a brownish-yellow coloured solution. 
(Found: C, 81-8; H, 10-7; C4gH,,O, requires C, 81:9; H, 10-6 per cent.) 

The above pyrore was hydrolysed with 10% caustic soda ard gave back 
the original 2: 4-distearyl-1-naphthol. 


2: 4-Dilauryl-\-naphthol. 


The condensation of 2-lauryl-l-naphthol (9g.) with lauryl chloride 
(6g.) in presence of zinc chloride (4g.) in nitrobenzene solution (70c.c.) 
gave 2: 4-dilauryl-l-naphthol which was crystallised from alcoho] in fine, 
white, shining flakes, m.p. 92-93°C. (yield 70%). It was soluble in usual 
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organic solvents but less soluble in petroleum ether. (Found: C, 80-5; 
H, 10-2; C,,H,,O, requires C, 80-3; H, 10-3 per cent.) 

The p-nitrophenylhydrazone of 2: 4-dilauryl-1-naphthol gave from alcohol 
yellowish red, shining, flat needles, m.p. 170-71°C. (Found: N, 6:3; 
C4 oH,,0,N, requires N, 6-5 per cent.) The nitration of 2: 4-dilauryl-1- 
naphthol with excess of fuming nitric acid gave 4-nitro-2-lauryl-1-naphthol, 


The action of acetic and propionic acids on 2: 4-dilauryl-1-naphthol in 
presence of anhydrous zinc chloride gave 2-lauryl-1-naphthol only. 


Kostanecki Reaction with 2: 4-dilauryl-\-naphthol and preparation of 2-methyl- 
3-decyl-6-lauryl-1 : 4-a-naphthapvrone. 


2:4-Dilauryl-l-naphthol (2g.), sodium acetate (2g.) and acetic 
anhydride (20c.c.) were heated at 175-80° C. for 12 hours and then poured 
in water. The solid which separated out was crystallised from alcohol in 
white shining small plates, m.p. 62-63°C. It dissolved in concentrated 
sulphuric acid giving a pale-brown colour. (Found: C, 81:4; H, 9-4; 
Cz,H;20, requires C, 81-2; H, 9-8 per cent.) 

The pyrone on heating with 10 per cent. sodium hydroxide for three 
hours gave 2: 4-dilaury}-1-naphthol. 


SUMMARY 


We have synthesised 2: 4-distearyl-, 2: 4-dipalmityl; and 2: 4-dilauryl- 
l-naphthols from 2-stearyl; 2-palmityl; 2-lauryl-l-naphthols and stearyl, 
palmityl and lauryl chlorides. 


The properties of these diacetyl ketones have also been studied and 
compared with those of diacetyl-1-naphtho]. 


We take this opportunity of thanking Rev. Father A. M. Coyne, s., 
for the provision of facilities. 
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